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HIS study was prompted by 2 cases of retinitis pigmentosa with 

unusual associated conditions. An attempt to determine whether 
these additional factors were constantly present led to laboratory investi- 
gations, of which this paper is a preliminary report. The present series 
includes 14 patients and hence is not large enough to justify one in 
drawing absolute conclusions. 


Case 1.—R. P., a woman aged 43, had had poor vision for many years, was 
overweight and had disturbed menstruation and loss of the superotemporal field 
of both eyes. A diagnosis of tumor of the pituitary gland was made elsewhere, 
and the patient was referred to Dr. Israel Wechsler for neurologic study. His 
examination, which included roentgenographic study of the sella turcica and 
encephalographic tests (these showed normal ventricles and cisterns), revealed 
nothing abnormal. We interpreted the fields as due to breaking through of an 
annular scotoma, quite in keeping with the retinitis pigmentosa, which was well 
developed. The unusual feature of the case was a spinal fluid ee of 300 
mm. of water. 


Could this increased cerebrospinal fluid pressure occur as an associ- 
ated condition with retinitis pigmentosa, just as the association of the 
latter with epilepsy, acrocyanosis and Raynaud’s disease has previously 
been described? What are the spinal fluid pressure and chemistry in 
retinitis pigmentosa? A review of the literature failed to disclose any 
reference to these factors. 


Case 2.—A man aged 34 had had difficulty with seeing most of his life. 
Ten years previously he noted the onset of deafness and asthenia. His fatigue 
had so increased that he had to rest six days out of seven. His mother and father 
were first cousins. The findings on ophthalmologic examination were typical of 
retinitis pigmentosa, with tubular fields, posterior cortical opacities, waxy disks, 
threadlike arteries, bone corpuscle-shaped pigment throughout the fundus and 
night blindness. Vision was 10/200 in the right eye and 20/200 in the left eye 
with correction. His spinal fluid was under normal pressure, but the total protein 
measured 194 mg. per hundred cubic centimeters (normal 15 to 40 mg.) and the 
chlorides 1,195 mg. per hundred cubic centimeters (normal 700 to 750 mg.). No cells 
were present. The albuminocytologic dissociation was similar to that found with 
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the Guillain-Barré syndrome. In addition, his basal metabolic rate was 17 per 
cent below the average normal; moreover, creatinuria was present. 


Males do not normally excrete creatine, as it is converted into 
creatinine before excretion. Tierney and Peters,’ studying 22 normal 
male subjects, found no creatine in the urine. Steinach, Kun and 
Peczenik* stated that androgen deficiency exists if the amount of 
creatine in the urine is 10 per cent or more of the combined values of 
creatine and creatinine. Are these findings peculiar to this case, or are 
they the rule in cases of retinitis pigmentosa? 


Wibaut* stated that there are two types of. retinitis pigmentosa. 
In cases in which the disease is a dominant characteristic, it is practically 
never associated with nerve lesions. The recessive type is associated 
with deafness and other evidences of involvement of the central nervous 
system. 


‘A review of the literature on retinitis pigmentosa leads to the con- 
clusion that the disease is due to dysfunction of the autonomic and 
endocrine systems, hereditary in nature and manifest in the germinal 
anlage. We feel that factors which influence the rate of development of 
this disease might be revealed by detailed physical and laboratory studies. 
It is hoped that when these associated disturbances are corrected the 
blindness which is the usual outcome of this disorder may be delayed. 


With this in mind, the patients investigated were admitted for hos- 
pital care for four days, during which studies of various factors were 
undertaken. 


1. Basal metabolism. Wolff* reported that subnormal tempera- 
tures are associated with retinitis pigmentosa; she suggested that this 
finding is a manifestation of a reduced “dynamic effect” and regretted 
that she did not have facilities for carrying out basal metabolic studies 
in order to prove her point. 


2. Spinal fluid pressure and chemistry. 


3. Vitamin content of the blood plasma. Vitamin A deficiency as a 
cause of night blindness is well known. The adrenal cortex has a 
large storage of vitamin C and depends on this for its proper function. 
Giroud, Santa, Martinet and Bellon® maintained that a rise in the 
ascorbic content of the adrenal cortex induces a corresponding increased 
secretion of cortical hormones and that an optimum level of vitamin C 


1. Tierney, N. A., and Peters, J. P.: J. Clin. Investigation 22:595, 1943. 

2. Steinach, E.; Kun, H., and Peczenik, D.: Wien. klin. Wchnschr. 49:388, 
1936. 

3. Wibaut, F.: Klin. Monatsbl. f. Augenh. 87:298, 1931. 

4. Wolff, L. L.: Am. J. Ophth. 23:275, 1940. 

5. Giroud, A.; Santa, N.; Martinet, M., and Bellon, M. T.: Bull. Soc. chim. 
biol. 23:108, 1941. 
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is required for the proper functioning of the cortical cells. The relation- 
ship of the adrenals to other ductless glands, especially the anterior lobe 
of the pituitary, the pancreas and the thyroid, is well recognized. 

4. Hepatic function. Takahashi*® found 12 cases of retinitis pig- 
mentosa among many cases of diseases of the liver. He concluded that 
damage to the liver was a factor in the pigmentary disturbance. In 
line with this work was that of Kalt,’ who in 1937 produced pigmentary 
changes in the retina of rabbits by the subcutaneous injection of 1 cc. 
of 4 per cent sodium iodate per kilogram of body weight every other 
day. Within ten days a scattering of pigment was visible in the retina. 
Histologically, there were many clumplike aggregations of pigment, with 
partial destruction of the rods and cones. All animals had cirrhotic 
changes in the liver. He therefore concluded that patients with retinitis 
pigmentosa may have a hepatic disturbance. The cephalin-cholesterol 
flocculation procedure of Hanger, which is a sensitive test for hepatic 
damage, was used in our study. 


5. Serum cholesterol. The literature reveals that hypercholesteremia 
has been frequently observed in patients with retinitis pigmentosa. 
Wolff attributed great significance to this finding, since she reported 
values of 360 to 380 mg. per hundred cubic centimeters of blood in 
cases of well advanced retinitis pigmentosa. 


6. Creatinine and creatine in the urine. Schrire * found an increased 
urinary excretion of creatine in cases of acromegaly and used this test 
to distinguish chromophilic from chromophobic tumors of the pituitary 
before operation. He concluded that some hormonal factor of the 
pituitary gland is involved in the control of creatine metabolism. 


7. Pupillographic evidence. Lowenstein and Friedman ® stated that 
tonohaptic reactions (a term denoting a long latency period for contrac- 
tion, a more or less good contraction to light and a long latency period 
for redilation) were found in animal experiments with lesions either in 
the diencephalon or in its connections with the mesencephalon. 

McDonald and Adler *° stated that studies carried out on patients with 
retinitis pigmentosa suggest, but do not conclusively prove, pituitary 
dysfunction. Tests previously carried out by others to support the theory 


6. Takahashi, T.: Arch. f. Ophth. 116:143, 1925. 

7. Kalt, E.: Bull. Soc. d’opht. de Paris 49:304, 1937. 

8. Schrire, I.: Quart. J. Med. 6:17, 1937. 

9. Lowenstein, O., and Friedman, E. D.: Pupillographic Studies: Present 
State of Pupillography; Its Method and Diagnostic Significance, Arch. Ophth. 
27:969 (May) 1942. 

10. McDonald, P. R., and Adler, F.: Pigmentary Degeneration of Retina: 
Role of Melanophore Hormone of Pituitary Gland in Pigmentary Degeneration 
of Retina, Arch. Ophth. 27:264 (Feb.) 1942. 
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of pituitary dysfunction in patients with retinitis pigmentosa have demon- 
strated thyrotropic substance in the urine, abnormalities of water and salt 
metabolism, diminished dextrose tolerance and the presence of a 
melanophore-dispersing substance in the blood and urine. Zondek,™ 
Viallefont ** and Mamola and Bellina** have reported on the adminis- 
tration of preparations of the pituitary gland in cases of this disorder, 
Their reports, though not enthusiastic, have all claimed definite sub- 
jective improvement. 


Certain embryonic and clinical relationships further suggest the 
association of retinitis pigmentosa with pituitary dysfunction. Moehlig 
and Pino ** found a high-arched palate in each of 21 cases of retinitis 
pigmentosa. Disturbances in the embryonic development of the hard 
palate is responsible for the high arching. It is generally accepted that 
the pituitary gland develops from the ectoderm in the roof of the mouth 
and the neural ectoderm in the floor of the third ventricle. Ingram *® 
recently reviewed the nerve fiber connections between the pituitary gland 
and the hypothalamus. The latter regulates endocrine functions and 
their interrelations, as well as autonomic functions. 


Pines, Collin*® and Greving and Stengel stated that two sets of 
nerve bundles pass from the diencephalon to the pituitary gland; one of 
them arises from the nucleus supraopticus and can be traced to the 
tuber cinereum; the second bundle arises directly from the nucleus 
paraventricularis, at the third ventricle. These fibers might influence 
the hormone production of the gland. 


The close embryonic and anatomic association of the pituitary gland, 
the hypothalamus and the eye also suggest a close physiologic connection. 
Zondek stated that retinitis pigmentosa may be the sole clinical evidence 
of diencephalic disturbance. Syndromes like the Laurence-Moon-Biedl 
syndrome lend support to this contention, as does the association of 
retinitis pigmentosa with Hirschsprung’s disease (congenital megacolon) 
and cachexia hypophyseopriva. Zondek ** described 4 cases of retinitis 
pigmentosa in which marked disorders of the diencephalic function 
could be shown. 


11. Zondek, H.: Disease of the Endocrine Glands, Baltimore, William Wood 
& Company, 1935. 

12. Viallefont, H.: Ann. d’ocul. 173:33, 1936. 

13. Mamola, P., and Bellina, G.: Rassegna ital. d’ottal. 4:699, 1935. 

14. Moehlig, R. C., and Pino, R. H.: Retinitis Pigmentosa: Etiologic and 
Clinical Implications Based on Twenty-One Cases, Arch. Ophth. 28:1257 (June) 
1940. 

15. Ingram, W. R.: Psychosom. Med. 1:48, 1939. 

16. Collin, R.: Compt. rend. Soc. de biol. 118:1560, 1935. 

17. Zondek, S. G., and Kohler, cited by Levy-Wolff, L.: Am. J. Ophth. 23:275, 
1940; Klin. Wchnschr. 4:809, 1925; Deutsche med. Wchnschr. 47:1520, 1921. 
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Although the work of McDonald and Adler speaks against any role 
of the melanophore-stimulating hormone in pigmentary degeneration 
of the retina, sufficient evidence is at hand to support the contention 
that the pars intermedia of the posterior lobe contains a melanophoric 
stimulant (figure). Interesting is the fact that dispersion of melano- 
somes has been caused by aqueous humor, as reported by Van Dyke." 
This suggested to Moehlig and Pino that secretion of the pars intermedia 
may be contained in the eye. 

8. Audiometric observations. Wolff showed that the inner ear, the 
retina and the choroid are supplied by the same set of vasomotor fibers, 
and she expressed the belief that this may be responsible for the hearing 
defect commonly observed in patients with retinitis pigmentosa. In 


PES 


Erythrophore reaction in a minnow (Phoxinus laevis), demonstrating the 
presence of a chromatophore-stimulating hormone, as suggested by Zondek and 
Krohn. The upper figure shows the normal minnow; the lower figure, the char- 
acteristic red colorization appearing one-half hour after injection of posterior 
pituitary solution (intermedin). 


some series, reported loss of hearing has been noted in as many as 
10 per cent of these patients. 


9. Capillary microscopy. Brown and Whitney *® found what they 
considered unmistakable evidence of a generalized peripheral vascular 
disturbance of the capillary type. 


18. Van Dyke, H. B.: The Physiology and Pharmacology of the Pituitary 
Body, Chicago, University of Chicago Press, 1936. 

19. Brown, W. M., and Whitney, E. L.: Peripheral Vascular Picture in 
Retinitis Pigmentosa, Arch. Ophth. 24:984 (Nov.) 1940. 
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SUMMARY AND RESULTS 


1. No abnormalities in pulse rate, blood pressure or temperature 
were observed in 14 patients with retinitis pigmentosa. 


2. The serum cholesterol was within normal limits in 7 of 11 patients 
on whom this determination was made. In 3 patients it was only 
slightly elevated. 

3. The basal metabolic rate was within normal limits for 8 of 12 
patients. For 4 patients the rate varied from 15 to 21 per cent below 
the average normal. 


4, Eleven patients had creatinuria. This series included 8 males 
and 3 females. 


5. The spinal fluid pressure was increased in 3 of 12 patients, but 
readings in most of the other patients bordered on the upper limit of 
normal, rather than falling at the lower levels. In 3 of 12 patients the 
total protein content of the spinal fluid was definitely increased. In the 
remainder, normal values were observed. 


6. Hepatic damage was not demonstrable in any of the 12 patients 
investigated. 


7. The fasting ascorbic acid content of the plasma was reduced in 
7 of 9 patients on whom this determination was carried out. The 
2 patients with normal values had been taking ascorbic acid before the 
test was carried out. Vitamin A studies on the serum of 7 patients 
gave normal values. 


8. In 11 patients, pupillographic studies showed tonohaptic reactions 
and other evidences of diencephalic disorders. 


9. Analysis of the blood for retention of urea nitrogen and determi- 
nation of the specific gravity of the urine after administration of pitressin 
failed to reveal any measurable impairment in renal function in 13 
patients. 

10. Physical examination, including neurologic studies, gave essen- 
tially normal findings except for the high incidence of high-arched 
palate and nerve deafness, as revealed by audiometric tests. Seven of 
8 patients thus studied revealed impairment of hearing. Two patients 
were deaf-mutes. 

11. In 2 patients microscopic examination failed to reveal any abnor- 
malities in the capillaries of the finger bed. 

Dr. Conrad Berens and Dr. Willis Knighton gave us permission to examine 


4 patients of the present series from their clinics at the New York Eye and Ear 
Infirmary. 


108 East Sixty-Sixth Street (21). 


USE OF FROZEN-DRIED CORNEA AS TRANSPLANT MATERIAL 


IRVING H. LEOPOLD, M.D. 
AND 


FRANCIS HEED ADLER, M.D. 
PHILADELPHIA 


ERATOPLASTY has reached the stage today at which the demand 

for donor corneas has exceeded the supply. The small supply is 
largely due to the difficulty in preserving all available corneal tissue 
until the time at which it is needed. With the present methods of 
preservation, corneal tissue held over seventy-two hours is believed to 
be unsatisfactory for transplantation. Such tissue is usually kept in 
Ringer’s solution or isotonic solution of sodium chloride or in a moist 
chamber at a temperature of 2 or 3 C.’. In an effort to increase the 
donor supply, the present experiment was undertaken. The purpose 
of the experiment was to determine the value of frozen-dried cornea 
(Weiss method)? for corneal transplantation, as suggested by the pre- 
liminary experiments with rat cornea of Weiss and Taylor.® 


METHOD 


Transplants of*frozen-dried rabbit cornea, prepared by Dr. Paul Weiss, were 
attempted on 75 normal rabbit eyes. The technics employed were as follows: 


A. Anesthesia 
1. Local anesthesia. 
2. Open drop ether anesthesia. 
3. Intravenous injection of Dial or pentobarbital. This method proved 
superior to the use of ether because of less interference with the opera- 
tive field. 


From the Department of Ophthalmology of the University of Pennsylvania. 
The work described in this paper was done under a contract, recommended 
by the Committee on Medical Research, between the Office of Scientific Research 
and Development and the University of Pennsylvania. 

1. Castroviejo, R.: Keratoplasty: Comments on Technique of Corneal Trans- 
plantations; Source and Preservation of Donor Material, Am. J. Ophth. 24:1 and 
139, 1941. ; 

2. Weiss, P., and Taylor, A. C.: Repair of Peripheral Nerves by Grafts of 
Frozen-Dried Nerve, Proc. Soc. Exper. Biol. & Med. 52:326, 1943. Taylor, A.-C.: 
The Rates of Freezing, Drying and Rehydration of Nerves, J. Cell. & Comp. 
Physiol. 25:161, 1945. 

3. Weiss, P., and Taylor, A. C.: Transplantation of Frozen-Dried Cornea in 
the Rat, Anat. Rec. 88:464, 1944. 
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B. Preoperative preparation 


1. Five drops of penicillin solution, 500 Oxford units per cubic centimeter 
of isotonic solution of sodium chloride, was given thirty minutes prior 
to operation. 

2. Two drops of a 10 per cent emulsion of neo-synephrine hydrochloride 
ten minutes before operation. 

3. Two drops of atropine 2 per cent sulfate were instilled ten minutes prior 
to operation. 

4. Lashes were cut routinely, but the surrounding skin was not shaved 
routinely. 

5. Sterile drapes were used in all but the initial operations. 


C. Corneal sectioning 


1. The double-bladed knife of Castroviejo or the corneal trephine was 
used. The trephine was 4.5 mm. in diameter, and similar to the one 
devised by Townley Paton. The size of the segment cut with the 
double-bladed knife varied, but not one was cut smaller than a 4 mm. 
square. 

2. No particular attempt was made at beveling. The trephine donor 
segments were cut with the same trephine as was used to cut the 
recipient cornea. 

3. The donor segments were always prepared before excising the recipient 
cornea. 

4. The donor cornea was transplanted to the corneal bed on a moistened 
iris repositor. No forceps were used in handling the graft. 


D. Corneal sutures 


1. Because of the high fibrin content of rabbit secondary aqueous, the 
grafts will adhere to the recipient bed without sutures. However, one 
edge frequently rode up as the anterior chamber formed; so sutures 
were used in the majority. The Castroviejo suture? was employed. 
The suture material was 000000 black surgical silk on atraumatic curved 
needles. 


E. Solutions used during operation 


1. The fibrin in the secondary aqueous humor is so great that it often 
forms a coagulated mass in the recipient bed before the transplant is 
put in place. This interferes with a proper fit. Therefore the recipient 
bed was irrigated either with a 3 per cent solution of sodium citrate 
or with heparin before fitting the transplant. 

2. At the close of each operation 5 drops of penicillin solution, 500 Oxford 
units per cubic centimeter, and 1 drop of a 2 per cent solution atropine 
sulfate were instilled. Suturing of the lids, although providing better 
support to the transplant, resulted in greater frequency of infection in 
spite of the instillation of penicillin and was therefore abandoned. 


F. Dressings 


Eyes were examined daily for the first three days, and penicillin and 
atropine solutions instilled once a day. Sutures were removed under 
local anesthesia induced with 0.5 per cent tetracaine hydrochloride on 
the third day. The longer the suture remained, the more frequently did 
corneal vascularization occur. Thereafter, eyes were examined every 
other day for two weeks and then weekly. This technic was derived 
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from the recorded experience of Castroviejo,| Thomas,* Filatov® and 
Cuthbert § and through our own trials and errors. 


G. Material for transplantation 


1. The initial specimens of frozen-dried tissue consisted of rabbit cornea, 
not including the limbus, cut in half before dehydrating and freezing, 
This necessitated cutting the tissue for transplantation after rehydration, 
This tissue was cut by first marking the area to be sectioned with 
the double-bladed knife or trephine while the tissue lay in the rehy- 
drating fluid. The surrounding tissue was grasped with forceps and 
the section completed with scissors. Care was exercised to avoid 
handling, with the forceps, the particular part to be transplanted. 

2. The second series of specimens consisted of sections of rabbit cornea 
cut into 4 to 5 mm. squares prior to freezing and dehydration. Tissues 
prepared in this manner were rehydrated and the best-shaped ones 
selected, the others discarded. The recipient bed was cut to fit the 
transplant. 

3. The third series of specimens consisted of entire corneas with a 2 to 
3 mm. rim of scleral tissue. A plastic mold was made on which these 
specimens were placed, prior to cutting. The section was made with 
a double-bladed knife. During the cutting the scleral rim was used 
for fixation. In this manner, handling of the corneal tissue itself was 
avoided. 

4. A fourth series, of fresh corneas cut out of intact normal rabbit eyes, 
was used for transplantation in 20 normal rabbit eyes. All frozen-dried 
material for transplantation was used within ten days to three months 
after dehydrating, freezing and vacuum packing. 


H. Method of preservation 


The processing of the tissues was done by Drs. Paul Weiss and A. Cecil 

Taylor in Chicago as part of project OEMcmr-221 (responsible investi- 

gator: Dr. Paul Weiss). The procedure was essentially the same as 

that developed for nerves.? 

1. Excision of donor corneas: The lids were resected; the bulb was fixed 
in protrusion, washed with sterile Ringer’s solution, draped and exposed 
to radiation from a Westinghouse Ultraviolet Sterilamp (10V-A) at 
10 inches {25 cm.) for forty-five seconds. The cornea was then excised, 
as stated in section G. 

2. Freezing: The excised pieces were immersed directly either in liquid 
nitrogen (—195C.) or in isopentane chilled to —159C. No pro- 
vision was made for equal distribution of the contractile stresses arising 
in the tissue during freezing, and future experiments should take this 
point into account. The frozen pieces were transferred to cooled vials, 
which were then connected with a manifold charged with phosphorus 
pentoxide and connected with a vacuum pump (pressure, 1 to 5 microns 
of mercury). Evacuation was continued for four to five days at a 


4. Thomas, J. W. T.: The Technique of Corneal Transplantation with Recent 


Modifications, Tr. Ophth. Soc. U. Kingdom 57:520, 1938. 


5. Filatov, V. P.: Transplantation of the Cornea, Arch. Ophth. 18:321 


(March) 1935; in Ridley, F., and Sarsby, A.: Modern Trends in Ophthalmology, 
New York, Paul B. Hoeber, Inc., 1940. 


6. Cuthbert, M.: Personal communication to the authors, May 1945. 
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constant temperature of —38C. and for an additional day at + 20C. 
This treatment eliminates all removable moisture from the frozen tissue. 
3. Sealing and shipping: The vials were sealed by blow torch in vacuo 
at a sufficient distance from the tissues to prevent excessive heating 
of the latter. The sealed, evacuated vials were then shipped to 
Philadelphia. 
I. Methods of rehydration of frozen-dried tissue 
The tapering end of the vacuum tube was scratched with a file and a 
second scratch placed in the belly of the vial. The entire vial was dipped 
in alcohol for ten minutes; then, after washing in sterile saline solution, 
the tip was immersed in the rehydrating liquid. The tip was broken off 
in this fluid; the vacuum sucked the liquid into the vial, and within a 
few minutes the cornea began to clear. The vial was then broken and 
the contents poured into a separate container, where the tissue was left 
for thirty to sixty minutes for complete rehydration. The rehydrating 
solutions used were Ringer’s solution; 0.9, 1.2 and 1.5 per cent solution 
of sodium chloride, serum and aqueous humor. No difference could be 
detected in the speed of rehydration or the degree of final transparency 
with any of these solutions. Isotonic solution of sodium chloride was 
employed with the majority of eyes. 


J. Histologic study 
Histologic sections of rehydrated rabbit cornea and of healed transplant 


were made and stained with hematoxylin and eosin and with Mallory’s 
connective tissue strain. 


RESULTS 


Fifty-nine of the 75 transplanted frozen-dried corneas healed in the 
recipient corneas. Not one of these 59 grafts was transplanted at any 
time during the three to six months of observation. In 19 of these 
59 grafts corneal vascularization occurred. In 6 of the 59 takes infec- 
tion was an outstanding and early complication, and in 9 corneal edema 
persisted. However, in the remaining 25 grafts no complications, such 
as infection, adhesion of the iris, excessive edema or vascularization, 
developed (fig. 1). 

Of the 16 eyes in which the transplant failed to remain in position, 
neither lid nor corneal sutures were used in 12. In the remaining 4 eyes 
corneal sutures were used, and overwhelming infection developed in 3. 

In 7 of the 20 eyes that had received fresh corneal tissue for trans- 
plantation the graft healed in place and remained transparent for the 
three to six months of observation. Of the remaining 13 eyes, the 
transplant failed to take in only 2; in the rest the grafts healed in place 
but were not transparent. The transplants which failed to remain 
transparent had one or more of the following complications: corneal 
edema, vascularization, adhesion of the iris and infection. 

Histologic studies of the preserved tissue after rehydration revealed 
that the stroma differed from the normal in that the nuclei were pyknotic 
and the stroma was slightly thickened (fig. 34). The epithelium 
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Fig. 1—Transplant of frozen-dried cornea cut w ith trephine, showing 4, 
irregular opacification and, B, vascularization four months old. C, five month old 
transplant of frozen- dried cornea cut with trephine, showing ‘vascularization ; 
D, six month old square transplant, the clearest of all transplants with frozen- 
dried material ; E, six month old square transplant of frozen-dried cornea, clearing 
at the edges. 
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_ Fig. 2—A, section of healed transplant of frozen-dried cornea, showing 
irregular lamellas and irregularly thickened epithelium x _ 150; Mallory connec- 
tive tissue stain. B, section of healed transplant of frozen-dried cornea at junction 
with the host cornea. Connective tissue from the host can be seen passing in front 
and behind some of the transplant stroma. x 340; Mallory connective tissue stain. 
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was present but consisted usually of only two layers. The basal epithelial 
cells and the directly overlying cells were usually present, the super- 
ficial layers having disappeared. Endothelium was intermittently present, 

Histologic study of the transplanted but nontransparent frozen- 
dried corneas disclosed that in all instances the limits of the graft could 
be determined (figs. 2 and 3B). The limit was usually marked by 
buckling of Descemet’s membrane, thickening of epithelium and change 
in arrangement of lamellas. The endothelium and the epithelium were 
continuous over almost all the grafts. Some irregularity of stroma 
could be seen in all sections in the graft area. Occasionally it was 
difficult to be certain where the stroma of the host ended and the stroma 
of the transplant commenced. No increase in nuclear content of the 
stroma or accumulation of inflammatory cells was seen. Some of the 
grafts showed deep and midstromal vascular invasion. Behind a few 
of the transplants a new layer of connective tissue had formed. This 
was not ordinary connective tissue but bore the characteristics of 
corneal stroma. 

COMMENT 


The results demonstrate that frozen-dried cornea may be trans- 
planted into normal rabbit eyes without producing an unusual host 
reaction ; that corneal tissue preserved in this fashion is not so altered 
chemically or physically that it incites an inflammatory reaction in the 
host. 

In an attempt to account for this failure to obtain transparent grafts, 
several factors must be considered. Rehydration of all preserved corneal 
tissue prior to transplantation failed to produce clear tissue. All tissue 
was opalescent or bluish gray regardless of the several rehydrating 
fluids employed. This finding indicates some change in the preserved 
corneal tissue which interferes with its normal returgescence. This 
could be a chemical change. If such a change takes place, it is not one 
that interferes with healing of the graft, nor does it incite undue 
inflammatory reaction in the recipient eye. Histologic studies revealed 
that the stroma of the preserved tissue differed little from normal prior 
to transplantation, but all sections of healed grafts showed irregular 
stroma. The disturbance of the epithelium and endothelium, particularly 
the latter, may account for the opalescence immediately after rehydra- 
tion and also contribute to the subsequent opacification of the healed 
transplant. The evidence is not complete as to whether the transplanted 
corneal tissue persists per se or whether it acts as a framework into 
which surrounding corneal tissue grows. 

The studies of Castroviejo, Imre,’ Filatov,5 Thomas‘ and others 
indicate that successful transparent grafts maintain their individuality 


7. Imre, J.: Clinical and Histologic Studies on Corneal Transplantation; 
abstracted, Am. J. Ophth. 24:1077, 1941. : 


Fig. 3—A, section of frozen-dried cornea sixty minutes after rehydration, 
showing loss of epithelial layers, pyknotic stromal nuclei and intermittent endo- 
thelium. x 170; hematoxylin and eosin. B, section of healed transplant of frozen- 
dried cornea at junction with the host cornea. Descemet’s membrane is folded. 
The stroma of the host and that of the graft cannot be easily differentiated. 
X 300; Mallory’s connective tissue stain. 
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and that opaque, nebulous grafts are ones that have been invaded by 
surrounding host tissue. The studies of Rosenbaum,* Saunders ® and 
Wiener *° indicate that grafts fixed in a solution of formaldehyde are 
replaced by the host tissue. The appearance of the majority of seria} 
sections of the frozen-dried corneal transplants suggests that new tissue 
from the surrounding cornea has replaced, and is replacing, the trans- 
planted tissue. 

The impression can also be obtained that replacement occurs only 
in cases and in areas in which an intimate organic merging of the 
lamellas of the graft and the host cornea has failed to occur. In the 
experience of Weiss,'' frozen-dried material variés in this respect. 


CONCLUSIONS 


Frozen-dried corneal tissue can be transplanted to normal rabbit 
eyes without an unusual host reaction. However, not one of the 
59 takes with frozen-dried cornea were transparent at any time during 
the six months of observation. 


Department of Ophthalmology, Hospital of University of Pennsylvania. 


8. Rosenbaum, H.: Formalinized Héterogeneous and Homogeneous Corneal 
Transplantations, Am. J. Ophth. 25:731, 1942. 

9. Saunders, T., in discussion on Rosenbaum.’ 

10. Wiener, M., and Rosenbaum, H. D.: Formalinized Heterogeneous and 
Homogeneous Corneal Transplantation—Experimental, Am. J. Ophth. 24:1384, - 
1941. 


11. Weiss, P.: Personal communication to the authors, Feb. 28, 1946. 


MODIFIED CORNEAL INCISION WITH IRIDODIALYSIS 
AND IRIDECTOMY FOR OPENING THE 
ANTERIOR CHAMBER ANGLE 


FRANK C. PARKER, M.D. 
NORRISTOWN, PA. 


HEN one visualizes the point of attack in making the -incision 
for the conventional iridectomy, one cannot but be impressed with 
the fact that the very area, namely, the angle of the anterior chamber, 
which should be kept patent, is in serious danger of being subsequently 
closed by cicatricial contraction or resultant inflammatory changes as 
a-direct consequence of the location of the incision. The keratome is 
plunged through a site in proximity to, and probably at times embracing, 
Schlemm’s canal. An area which should be kept free is traumatized, 
with the possibility of producing conditions worse than the primary one. 
The question arises: “How can one expect to have a freely draining 
canal after the cut has been made through or near it and subsequent 
closure by cicatricial or inflammatory changes has taken place?” It 
seems to border on the impossible; yet a certain percentage of basal 
iridectomies bear successful results. Possibly, the favorable outcome 
in such cases is more good luck than good management. One probably 
misses the canal in many instances by incising too far forward, in which 
case a good basal iridectomy is impossible. However, it may not always 
be so; and though no harm is done, one is still so close to the danger 
zone that a subsequent inflammatory reaction may complete the picture 
of obstruction. 
In discussing iridectomy, Duke-Elder?! stated: 
gonioscopic studies . . . show that . . . the base of the iris is 
left behind in many cases. . . . Bowman (1862) recommends cutting two 


pillars of the iridectomy only and tearing the iris away from its root in order to 
insure its complete removal. 


As to the increase in tension after iridectomy, Duke-Elder had this 
to say: 


the base of the iris may not have been resected so that a portion is left 
blocking up the filtration area, an obstruction often rendered additionally effective 
by the stump becoming entangled in the wound. 


Read at the Wills Hospital Clinical Conference, Feb. 27, 1946. 


}, Duke-Elder, W. S.: Text-Book of Ophthalmology, St. Louis, C. V. Mosby 
Company, 1938, vol. 3, p. 3401. 


2. Duke-Elder,? p. 3302. 
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In the abstract of a paper presented at a meeting of the Section of 
Ophthalmology, New York Academy of Medicine, Payne ® stated: 
Ideal postoperative results for the relief of glaucoma are so rarely seen in 
the laboratory that histologic studies of the material at the New York Eye and 
Ear Infirmary were made to determine the causes of failure. 

practically all the sections showed that the operative wound was so far 
anterior to the normal angle of the iris that a basal iridectomy was impossible. 
Many of the wounds contained remnants of the iris and ciliary processes and, more 
rarely, prolapsed crystalline lens. The uveal remains were frequently replaced 


by dense keloid-like connective tissue, in which evidence of inflammatory reaction 
remained. 


Reese‘ stated: 


. . « Microscopic preparations show that most keratome sections for glaucoma 
are placed too far on the corneal side and that advantage is not taken of the wide 
margin of safety by making them more peripheral. 


It has occurred to me that the failures in some cases of basal iridec- 
tomy might be attributed to the aforementioned location of the conven- 
tional incision. True it is that the obstructing iris has been removed 
(or so it is thought), but the drainage is plugged as an after-effect. 
If this explanation can be accepted, how can consistently beneficial results 
be expected from any operation which has such a potential danger of 
defeating its own purpose? 

In performing an iridectomy, it is almost impossible, if not quite so, 
to cut down to the base of the iris without leaving a stump, so to speak, 
however small. This is a mechanical difficulty. Any remnants of iris 
can still block the angle. 

With these difficulties in mind, I have endeavored to overcome the 
situation by placing the incision in a location, namely, through clear 
cornea away from the limbus, where subsequent contractior! and other 
changes would not in any way interfere with drainage. In addition, 
the location of the incision makes for easy iridodialysis, which, to my 
mind, is the best manner of clearing out the angle of the anterior chamber. 


OPERATIVE PROCEDURE 


With a Graefe knife, an incision is made straight through and 
across the cornea about 3 mm. below the limbus, with the blade of the 
knife tilted slightly downward to make a beveled cut. This bevel makes 
for an easier introduction of the iris forceps, but it should not be exces- 
sive or more scar will result. 


3. Payne, B. F.: Histologic Causes for Failure of Operations for Glaucoma, 
Arch. Ophth. 29:518-521 (March) 1943. 


4. Reese, A. B.: The Iridencleisis Operation for Glaucoma, Arch. Ophth. 
34:360-368 (Nov.-Dec.) 1945. 
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Part of the incision should begin about 2 mm. from the outer part 
of the limbus and terminate at a like distance from the inner part. An 
iris forceps is introduced through the wound, the operator at the same 
time lifting gently up on the forceps to avoid any possible injury to 
the lens. The iris is grasped well up toward the base and pulled slightly 
downward with a swaying motion, and is stripped clean from its base 
high up in the angle. The resulting coloboma can be made almost any 
size desirable. The iris is drawn down and out through the incision 


Technic of performance of iridodialysis and iridectomy through a modified 
incision in the cornea. In 1, A and B indicate the corneal incision, and C shows 
the iris forceps grasping the iris. 2 shows the iris pulled through the incision. 
D indicates the iris, and C, the forceps. 3 shows the resultant coloboma. 


and cut off first at one extremity of the incision, after it has been 
pulled away medially from the end of the wound, and then at the 
opposite end. This is important; otherwise, the iris may become wedged 
in the end of the incision and an anterior synechia result. 

In replacing the pillars, the tiny stream of an anterior chamber 
itrigator is employed rather than a spatula, to guard against any possible 
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damage to the capsule of the lens. The tip of the irrigator is placed 
directly against, but not into, the wound, and forcible pressure is applied 
to the bulb of the syringe. In most instances the pillars of the iris can 
be easily floated back into place. 

After the iridodialysis and iridectomy, free bleeding in a congested 
eye may occur. Many eyes do not bleed at all. However, one is not 
concerned with it in many iridectomies, and it is no more serious here, 
After a few flushings, with a momentary wait between, the bleeding stops, 
Of course there are cases in which bleeding continues to fill the anterior 
chamber ; but this occurs during iridectomy as well, and one does not 
think much of it, as absorption takes place later. After the bleeding 
stops, the eye is bandaged and not opened for two to three days. 

My series of cases is not large to date, being about 35, but in no single 
instance has the iris torn except at the base. At first I was appre- 
hensive lest the iris tear in some unforeseen part, but this has not 
occurred. 

Reese ® stated : 


When the iridodialysis is produced, the iris always tears flush with the 
ciliary body, leaving no root, because it is here that the iris is thinnest, and also 
weakest, from the presence of peripheral crypts. 


Some may offer an objection to incising through the clear cornea. 
However, one has only to keep in mind the earlier sections for cataract 
which healed without trouble, as well as the work done on corneal 
transplants. Any objection from this standpoint seems to be far out- 
weighed by the fact that anything which will lower the tension is justi- 
fiable. The only objection so far as I can see is the tiny linear scar, 
almost invisible in many cases and above the pupillary area, where it 
does not obstruct vision. 

One may find at times, in the case of an extremely shallow anterior 
chamber in which the iris is pushed forward and appears to be, or is, 
in contact with the cornea, that this incision may present difficulties. 
However, in making an iridectomy in a similar case, thrusting a keratome 
through the upper part of the limbus and down between, the iris, lens 
and cornea may be just as difficult. One must use his best judgment, 
as would be in order in any operative procedure. No set operation 
can be outlined for every situation. One must adapt the proper operative 
procedure to the conditions obtaining at the time and select the one most 
fitting to the occasion. As a consequence, I do not advocate the per- 
formance of this iridodialysis and iridectomy through the modified 
corneal incision in every case of glaucoma. It should be employed in 
any case in which iridectomy might be considered. 


5. Reese,* p. 363. 
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In the performance of iridectomy, the eye should be thoroughly 
anesthetized. While the conventional iridectomy does not seem to be 
a serious operation, it is fraught with danger of injury to the lens should 
the patient make an untoward movement at the critical time. Also, 
tearing of the iris by a sudden movement is easily possible, although 
not a serious complication. The operation I have described calls for 
the same thorough anesthesia. For some time I have used the retro- 
bulbar injection of 2 per cent procaine hydrochloride in all my iridec- 
tomies, and of course I employ it in this procedure. In addition, to be 
doubly safe, I inject a small amount of the anesthetic subconjunctivally, 
to form a bleb, just above the upper portion of the limbus. One must 
have a quiet eyeball when such delicate work is done, and anything which 
favors this status should be made use of. Too many cataractous lenses 
give mute evidence of poor anesthesia or unfortunate technic during 
the performance of iridectomy. 

I am not suggesting this procedure of iridodialysis and iridectomy 
with the thought that all high tensions can be reduced, as too many 
other factors enter into the situation, especially in cases of chronic 
glaucoma with obliteration of the angle. However, I feel that the opera- 
tion offers a better means of securing a broad coloboma with a clean 
angle and that the suggested location of this incision makes for its easy 
accomplishment. 


HEMIFACIAL SPASM 
Report of Two Cases 


DAN M. GORDON, M.D. 
NEW YORK 


EMIFACIAL spasm is a condition in which the patient has 
paroxysms of twitchings in muscles innervated by the seventh 
nerve. The condition is not under voluntary control and defies mimicry. 
It imitates the effect of faradization of the facial nerve and charac- 
teristically involves one half of the face. Cases of bilateral spasms * have 
been reported. In the latter a different mechanism is apparently opera- 
tive, and most of the cases reported have been associated with paralysis 
agitans. Cases have also been reported in which first one side was 
involved, with a remission, only to be followed by involvement of the 
other side. The condition has also been called facial hemispasm; but 
when one half of the face is involved the term hemifacial spasm is more 
correct. 
Hemifacial spasm is not a tic. According to A. Gordon,’ a tic is 
a sudden and abrupt contraction of one or several of the muscles of 
the face. The contraction is always the same as to range and location; 
but the invaded area does not correspond to a well defined anatomic 
distribution of a certain nerve, as in spasin. ‘Tic has a tendency to 
spread and invade other functions, so that at the time of the grimace 
the tongue may be protruded, or there may be a laryngeal cry. Tic 
can be controlled to a certain extent and is an exaggeration or disfigure- 
ment of physiologic gestures or mimicry, and may be psychogenic. 
Spasm is the opposite of the normal physiologic course of events. 
Normally, when one eye closes voluntarily, the corresponding brow 
descends. In spasm the inner part of the brow is elevated at the 
moment the eye begins to close. The forehead is wrinkled ; the palpebral 
orbicularis closes the eye; there is simultaneous contraction of the 
frontalis and orbicularis muscles; the zygomatic muscles deviate the 
angle of the mouth; and, according to the mode of muscular contraction, 


From the Department of Surgery (Ophthalmology) of the New York Hospital 
and Cornell University Medical College. 

This paper was presented in part before the New York Academy of Medicine, 
Section of Ophthalmology, Jan. 21, 1946. A discussion was published in the 
August 1946 issue of the ArcHIVEs, pages 240-241. 

1. Parker, H. L.: Bilateral Facial Spasm, Am. J. Ophth. 16: 28 (Jan.) 1933. 

2. Gordon, A.: Convulsive Movements of the Face, J. A. M. A. 58:97 (Jan. 
13) 1912. 
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the angle is either drawn laterally or elevated. The nose is curved to 
the affected side, and the chin on this side shows a characteristic depres- 
sion. One sees coarse contractions of wide range occurring in either 
the upper or the lower branches of the seventh nerve. Both branches 
may be involved, and when the lower is included there may be involve- 
ment of the muscles of the neck. In some cases fine contractions are 
seen. The spasm occurs during: sleep and is not broken by will. Spiller 
expressed the belief that the movement is always an associated one; 
for example, the eyelids may move with the mouth. 


The condition is not common, especially in the American literature. 


Parker’ cited Meige as stating that all his patients were of more than 
middle age and were of relatively stable personality. In all of Meige’s 
cases the spasm was bilateral, and since it started in the eyelids the 
patients were blinded during the spasm. It has been characteristically 
noted in most cases of hemifacial spasm that the first portion of the face 
to be involved is the orbicularis muscle, so that the patient will frequently 
first present himself to an ophthalmologist complaining that his eye is 
becoming smaller. Later, other muscles in the distribution of the seventh 
nerve are involved. The spasm is usually clonic but may become tonic. 


Ehni and Woltman®* recently reviewed 106 cases from the Mayo 
Clinic. The age distribution was from 17 to 70, 60 per cent of the 
patients being females. In their series, 65 per cent of the patients 
described the spasm as beginning in the lids, and in 90 per cent the 
muscles of the eyelids were involved early in the course of the disease. 
These authors were unable to account for the early and frequent involve- 
ment of the eyelids, unless it is, as Gowers has stated, that the “ ‘motor 
mechanism of this muscle is more sensitive, in consequence of its ener- 
getic reflex acuon.’’’ In 104 of their 106 patients the lids were invelved. 
They described the spasm as being of a twitching nature ; an intermittent 
and irregular series of single muscle twitches, coming in rapid sequence 
and involving but a fraction of the muscle fibers of any one muscle in 
any one twitch. Twenty-one patients had both twitches and sustained 
spasm, and in most of the attacks the twitchings increased periodically 
in frequency and intensity until, at the climax, there was a sustained 
spasm, lasting from a few seconds to a minute. Some had sustained 
spasm lasting five minutes. 

Only 3 of their patients had had a preceding Bell’s palsy, and in 
2 of these the spasm was on the same side. Twenty per cent of their 
patients were aided by solitude, pressure below the lobe of the ear, 
relaxation and rest. Nine had had periods of freedom of up to three 
years, 


3. Ehni, G., and Woltman, H.: Hemifacial Spasm, Arch. Neurol. & Psychiat. 
53: 205 (March) 1945. 
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These authors summarized the pertinent points in the diagnosis as 
follows: 


1. The spasms are of an intermittent twitching nature, such as might 
be encountered in intermittent faradization of the nerve. 
2. The eyelids on the side of the spasm are almost always involved. 


3. The spasms are usually unilateral, and when they are bilateral 
they are not synchronous or equal in extent or severity. 


+ 


. The spasms may persist in sleep. 


cn 


. The patient does not feel any compulsion to make the movement, 
6. The patient is unable to stop the movement by exertion of the will. 
7. The patient cannot reproduce the movement voluntarily—espe- 
cially is he unable to approach the speed with which fine twitchings occur. 
8. Psychic upsets of any sort, fatigue and voluntary movements of 
the face make the spasms worse. 


9. Children do not have hemifacial spasm. 
10. The spasms are limited to the muscles innervated by the facial 
nerve. 
CAUSE AND MECHANISM OF THE SPASM 


The actual cause of the hemifacial spasm is unknown. The majority 
of writers on the subject feel that in most cases the spasm is due to 
some peripheral irritation; nevertheless, an irritation of any segment 
of the reflex arc (of the seventh or of the seventh and fifth nerves), as 
well as organic lesions higher up in the cerebrum, may be considered 
etiologic. Disorders of the teeth; meningoencephalitis; encephalitis; 
neuromas, injuries and toxic neuritis of the seventh nerve, and con- 
junctivitis are among the many conditions which have been considered 
causative. I have already noted that the condition not infrequently 
occurs in association with paralysis agitans. 

From an etiologic point of view it would seem that hemifacial spasm 
should be divided into two types: one due to, or following, injuries to 
or lesions of the seventh nerve, and the other on an apparently idiopathic 
basis. It is of interest that in my first case, which at this moment falls 
under the idiopathic type, there should be electroencephalographic evi- 
dence of encephalitis. It should be interesting to note the findings in 
studies of the electric potentials of the brain in a larger series of cases. 

In the type which follows Bell’s palsy due to toxic neuritis or trauma, 
as in my second case, the mechanism is more obvious, even if not com- 
pletely clear. 

Spiller * in 1919, in referring to the latter type, expressed the belief 
that during regeneration of the damaged nerve axis-cylinders intended 


4. Spiller, W.: Contracture Occurring in Partial Recovery from Paralysis of 
the Facial Nerve and Other Nerves, Arch. Neurol. & Psychiat. 1:564 (May) 1919. 
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for the upper branch of the seventh nerve wandered into the lower 
branch, and vice versa. ‘“The muscles on the affected side, as a result 
of this excessive stimulation, are kept in a state of hypertonicity and 
contracture results.” Fowler ® did not agree with this and as a result 
of his experimental work on monkeys came to the conclusion that there 
is a splitting of the neurofibrils at the point of repair. He stated that 
the individual axons pass into the neuroma (at the site of the injury) 
and break up into neurofibrils, which run in every direction. If the 
latter happen to encounter peripheral branches of the severed nerve, 
they may enter these various branches. Thus, a single axon may send 
out neurofibrils some of which get lost in the fibrous tissue of the 
neuroma and others reinnervate distal branches which belong to the 
neck, lip, nose or forehead, or conceivably all of these regions. If any 
type of impulse reaches the medullary cell belonging to this axon, it 
produces movement,of several of the facial muscles. Fowler showed 
that in cases of injury to the facial nerve, if the injured nerve was isolated 
and severed, stimulation of the distal stump with a mild faradic current 
proved that the branch might innervate only a nearby, highly localized 
area, but if the proximal end was so stimulated there was invariably 
produced movement of the entire face, scalp and platysma muscle. The 
latter phenomenon did not occur on the uninjured side. 

After operations in the area of the seventh nerve, if the typical 
spasmodic contractions are present, it may be assumed that injury and 
repair have taken place. Ernest Sachs, in his discussion on Fowler’s 
paper, cited Dustin’s old experiments to show that in regeneration of 
the fifth nerve one could not make the axis-cylinder hook up with the 
branch from which it had originally been separated. 

Howe, Tower and Duel,® writing on the same subject, stated : 

it remains to be shown that a single axon can normally supply fibers 
to two distinct muscles or to spatially separate portions of the same muscle. 


There is abundant evidence that under pathologic conditions one axis-cylinder 
may arborize over a wide area. 


They expressed the belief that in experimental animals at least, the 
gravity of the twitch was in direct proportion to the degree of distur- 
bance in the bed of the nerve, rather than to the amount of the paralysis. 
They found the severest spasms after nerve section, whereas freezing 
or injection of alcohol gave a less severe result. 

Injury and repair of a nerve trunk, such as the facial nerve, give an opportunity 


for peripheral confusion of two sorts: Either nerve fibers, totally misdirected 
in regeneration, may come to supply muscles with which no original connection 


5. Fowler, E. P., Jr.: Abnormal Movements Following Injury to the Facial 
Nerve, J. A. M. A. 113: 1003 (Sept. 9) 1939. 

6. Howe, A.; Tower, S., and Duel, A.: Facial Tic in Relation to Injury of 
the Seventh Nerve, Arch. Neurol. & Psychiat. 38: 1190 (Dec.) 1937. 
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existed, or, by branching, one regenerated axis-cylinder may innervate a large 
portion of the facial field. . . . The physiologic and the anatomic evidence thus 
agree in demonstrating the presence of branching axons in the regenerated facial 
nerve, and the physiologic evidence shows further that branches of one axon 
may be distributed to innervate portions of the facial musculature as far apart 
as the frontalis and the nuchal platysma muscle. This condition provides an 
adequate basis for the mass contractions—the so-called facial tics—which follow 
on injury to and repair of the facial nerve in the experimental animal. However, 
whether or not this is the entire mechanism of the posttraumatic tic is undeter- 
mined, since there remains the possibility that during regeneration nerve fibers 
which originally supplied one muscle become totally misdirected to supply quite 
another muscle and yet still act when the original group is brought into play. 


Fig. 1—A, patient as he appeared at first examination. Note the narrowed 
right palpebral aperture, pronounced nasolabial fold and depression in the right 
side of the chin. B, appearance on opening the mouth. There is no evidence 
of palsy. A and B show the compensatory widening of the left palpebral fissure. 
C, both eyes closed. 


These same authors added one prognostic point, that is, that in their 
monkeys the spasm showed no diminution over a period of three years, 
and expressed the belief that there was no basis for belief that any 
further modification would take place. 


I present 2 cases of hemifacial spasm; 1 of the idiopathic type and 
the other of the type seen during the regeneration of a damaged seventh 
nerve (post-Bell-palsy ). 

REPORT OF CASES 

Case 1—C. D. (fig. 1), a white man aged 27, was admitted to the ophthalmic 
clinic of the New York Hospital on April 11, 1945, complaining that his right 
eye was getting smaller. He dated the onset of his condition to some time 
in 1942, when, after recovering from a “cold,” his mother called his attention 
to the fact that his “right eye looked smaller than the left.” There was no 
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associated pain or headache. He said that diplopia was present only “when 
I read a paper too long.” He stated that the application of heat opened the 
right eye a small amount. He had noted no remissions and no change in his speech. 

His past history was irrelevant except for rheumatic fever in childhood. 
He was said to have a “rheumatic heart” and noted dyspnea on marked exertion. 

Examination revealed an apparently healthy man with a “Janus-faced” appear- 
ance. The right palpebral aperture was greatly narrowed vertically and horizontally. 
In the primary position the vertical measurements were 5 to 6 mm. for the 
right palpebral aperture, as against 14 mm. for the left. The latter was wider 
than normal, and it was felt that this was on a compensatory basis. Horizontally 
the apertures measured 28 mm. on the right and 35 mm. on the left. With the 
Hertel exophthalmometer set at 105 mm., the readings were 15 on the right and 
17 on the left. 

There was pronounced facial asymmetry, with movement present on both sides 
of the face. The right nasolabial fold was prominent, and the mouth and nose 
were drawn to the right. Both sides of the forehead were wrinkled, and fairly 
equally so. There was a marked depression in the right side of the chin. This 
appearance of his face was constant, and no actual spasmodic contractions were 
noted. Vision was 20/20 in the right eye and 20/15 in the left eye., It was 
felt that the difference in vision was on the basis of the narrowed aperture. 

The right palpebral fissure had an epicanthoid fold at the external canthus. 
The right lower lid reached to within 1.5 mm. of the pupil. The pupils reacted 
to light and in accommodation. The conjunctival and corneal reflexes were 
present but were questionably decreased on the right. The extraocular motility 
was difficult to evaluate because of the difference in size of the fissures, but 
apparently there was a double paresis of the elevator muscles on the right, with 
weakness of both inferior and both external rectus muscles. The near point 
was 80 to 90 mm. There was no diplopia in the primary position either for 
far or for near vision. There was diplopia in all fields with the red glass. This 
was greatest to the right and up and to the right. On the right side the diplopia 
was crossed; on the left, homonymous. There were nystagmoid movements in 
lateral gaze. 

The pupils were equal in size. Facial perspiration was equal on the two sides. 
Photographs taken in 1937 showed no abnormality of the face. A photograph 
on his badge, taken in 1944, showed a condition much the same as that seen during 
his examinations here. 

The patient was admitted to the hospital for further study. Observations 
made during sleep and during sleep under heavy narcosis revealed no change in 
the appearance of the face, the spasm persisting. Procainization of the right facial 
nerve at the stylomastoid foramen caused complete facial palsy on the right and 
did not reveal the presence of any permanent tissue contractures except those of 
the nasolabial fold. The red glass test showed no change. 

Roentgenograms of the skull and orbits revealed no pathologic condition. The 
fields were normal. Examinations of the blood, urine and spinal fluid all showed 
an essentially normal condition. 

The heart was enlarged, and there were a systolic and a diastolic murmur. 
The blood pressure was 130 systolic and 80 diastolic. The electrocardiogram con- 
firmed the diagnosis of rheumatic heart disease. Electroencephalographic study 
showed “a pathologic record revealing a diffuse abnormality, with a probable 
right occipital focus. The nature of the abnormality was not indicated.” The 
possibility of encephalitis was considered. 
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Neurologic examination by Dr. Henry Dunning revealed nothing of note other 
than the changes already described in the face. 

The patient was desirous of having surgical correction of the deformity and 
felt that even a facial palsy was preferable to his condition. Accordingly, he was 
later readmitted to the hospital, and on Sept. 28, 1945 Dr. Bronson Ray performed 
a partial division of the right facial nerve for the relief of the hemifacial spasm. 

The operation itself and the observations made during it are so interesting that 
I am including the more pertinent portions of Dr. Ray’s operative summary. 


Fig. 2—Dr. Bronson Ray’s drawings of the surgical procedure in case 1. 
A shows the branches of the seventh nerve as they were exposed during the 
operation. The thickness of the cross hatchings indicates the relative depths of 
the incisions into the branches. B, method of partial division of the nerve and 
ligature of the proximal slip to prevent regeneration. 


“This patient’s problem has been an interesting one. He is a young man of 
fairly stable nature who for three years has had uncontrolled spasmodic twitch 
of the right side of the face. The twitching involves all parts of the face supplied 
by the facial nerve, but most of all the orbicularis oculi, the twitching of the 
latter being of such degree that vision was impaired because of the frequent 
blinking. It appeared almost that there was some permanent contraction of the 
muscles, particularly those forming the nasolabial fold. On two occasions the 
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facial nerve was procainized at the stylomastoid foramen, producing complete facial 
palsy. At such times it was seen that there was indeed some degree of contracture 
of the muscles mentioned, because the nasolabial fold persisted. The patient was 
anxious to have some effort made to relieve the spasm, even though complete 
palsy was the only solution. I was anxious, in his case, to try what I have not 
heretofore had the opportunity of doing, namely, partial division of the branches 
of the facial nerve. German? has reported several cases in which he performed 
this operation, and, in my personal conversation with him, he expressed the 
opinion that the method had advantages. In addition to the initial satisfactory 
results of this operation, today, it is interesting to note the results of electrical 
stimulation of the nerves.” 


As a prelude to the actual operation, the facial nerve was exposed, uncovering 
two fair-sized branches and four smaller ones. It was felt that all the branches 
were exposed in the area of the parotid gland. The lowest branch appeared to 


Fig. 3.—Postoperative appearance of patient shown in figure 1. The palpebral 
fissures are of same size. The nasolabial fold and the depression in the chin 
are still present. 


supply the upper lip and the upper angle of the mouth. The middle branch sup- 
plied the muscles of the cheek and the maxillary area along the nasolabial fold. 
The four smaller branches supplied the orbicularis (lower part), the angle of 
the eye, the orbicularis (upper part) and the muscles of the forehead. Stimula- 
tion of these branches with a current of 2 volts, using the Hinsey-Geoghegan 
stimulator, produced such discomfort that it was necessary to lower the current 
to a minimum. When the current was cut down to nearly zero on the ammeter 
and the nerve was touched with only one of the bipolar electrodes, the patient 
received a shocklike, stinging sensation in the localized region which each branch 
presumably supplied. He could successively and repeatedly identify the location 
of the pain experienced when various branches of the nerve were stimulated. 
This would appear to indicate that the facial nerve has pain fibers, but unless 
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the trigeminal nerve was paralyzed simultaneously no such conclusion could be 
drawn. 

After the examination with the stimulator, each branch of the facial nerve 
was divided one-half the way through. This was done by introducing a short 


Fig. 4 (case 2).—, patient’s usual appearance. Note the narrowed right pal- 
pebral fissure. B, attempted greater opening of the eyes, resulting in the opposite 
effect. C and D, profile views taken at the same time as A and B. E, one week 
after procainization of the seventh nerve and during the period when there was a 
remission of symptoms. 
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bistoury blade into the nerve, with the blade running parallel with the fibers, The 
blade was then carried along the fibers and turned outward with a clamp, while 
a silk ligature was placed around its base. This was for the purpose of preventing 
regeneration (fig. 2). . 

When the patient was then undraped, it was noted that the major part of the 
spasmodic contractions had stopped. There was some residual twitching in part 
of the superior portion of the orbicularis and along the upper margin of the lip, 
in an area extending into the nasolabial fold. It was thought desirable to divide 
more fibers to abolish the remaining elements of spasm about the eye and the 
upper lip. Hence, two of the four uppermost nerves were completely severed and 
ligated, and the incisions in the two lower branches were deepened to about two 
thirds of the way across. : 

Immediate postoperative examination revealed weakness of the muscles of the 
forehead and the upper part of the face, but the distortion was not serious. The 
palpebral apertures were of equal size, and the eyes could be closed equally. A 
small spasmodic twitching was still apparent in the chin and the lower lip. While 
this had been present before, it was now more apparent, in contrast to the rest 
of the face. 


Figure 3 shows the patient as he appeared about ten days after operation. 


Case 2.—Mrs. J. D. (fig. 4), a white woman aged 65, was admitted to the 
department of otology of the New York Hospital with the complaint of pain in 
her right ear, associated with a discharge. Her present illness dated back two 
years. She also stated that she had had “noise like a train” in that ear and mild 
pain in the region of the right internal canthus. She had had a mastoidectomy 
on the right side in another hospital in August 1944, followed by Bell’s palsy 
on that side and accentuation of the pain about the eye. There was no amelioration 
of the aural symptoms and discharge. There had been a pronounced and progres- 
sive decrease in the Bell palsy, but she noted that her right eye “was becoming 
smaller.” She complained of cramps about this eye, lasting several minutes, 
during which her eyelids had become partially or completely closed, thus inter- 
fering with vision. There was no diplopia. She also experienced pain in her 
right shoulder and arm. 

The patient had had sciatica on the right side for twelve years, with two 
unsuccessful attempts at surgical treatment. 

Physical examination revealed obesity. The patient had a marked language 
difficulty and tended to say “yes” in response to all questions. There was a 
facial asymmetry with palsy of the right side of the face, drooping of the right 
corner of the mouth and pulling of the mouth to the left. The right palpebral 
aperture was greatly narrowed, and attempts to open the eyelids wider only 
resulted in greater spasm in the orbicularis than was already present. The fore- 
head was wrinkled bilaterally. At times there was more pronounced narrowing 
of the right palpebral aperture, associated with coarse spasmodic twitchings. 
These were transient, lasting from several seconds to several minutes. The 
pupillary reactions were normal. The conjunctival and corneal refixes were 
present and questionably diminished bilaterally. The tongue protruded in the 
midline and was without tremor. There was a scar of an old mastoidectomy 
on the right. Audiometer readings showed 61.3 per cent deafness in the right 
ear and 31.3 per cent in the left’ear. There was some vertigo on sudden 
movement. Neurologic examination otherwise revealed an essentially normal 
condition except for some weakness of the right leg. Vision was 5/100, with 
correction to 20/30 in each eye. The fundi were essentially normal for a person 
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of her age. Roentgenograms of the mastoids showed a postoperative condition 
on the right and a normal mastoid on the left. Roentgenograms of the skull 
showed “hyperostosis frontalis and a moderate amount of calcification of the 
internal carotid arteries.” The chest was normal except for elongation of the 
aorta. There was generalized hypertrophic arthritis of the spine. Laboratory 
tests, including hemocytologic studies, urinalysis, serologic determinations and 
examinations of the spinal fluid, gave normal results. Procainization of the supra- 
orbital nerve did not relieve her pain, but a similar injection at the site of the 
supratrochlear nerve caused immediate cessation of the pain in the eye, lasting 
for about two hours. Lid block caused the palpebral apertures to assume the 
same width. On December 18 an attempt was made to procainize the right 
seventh nerve at the stylomastoid foramen. This was repeatedly unsuccessful. 
It was repeated at the condyle and was successful in producing a complete 
palsy, lasting about fifteen minutes. She returned nine days later and stated 
that she had been free from the facial spasm for four days. At the time of 
her return visit there was a difference of only 2 mm. between the two fissures 
(right, 8 mm.; left, 10 mm.), whereas usually there was a difference of 4 to 6 mm. 
At present she has no evidence of palsy on the right, but the spasm is still present. 
The aural discharge has cleared under treatment, although there is a perforation 
of the right drum membrane. 


TREATMENT 


Practically every form of artificially produced paralysis of the seventh 
nerve has been utilized in the treatment of this spasm. The treatments 
fall essentially into three categories: sedation, injection of alcohol 
or some local anesthetic into the nerve and surgical intervention. Most 
of the surgical procedures have been in the direction of anastomosis of 
the distal portion of the seventh nerve with one of the other cranial 
nerves. The procedure used on my first patient would seem to be a 
simpler and more rational procedure. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of hemifacial .spasm is comparatively simple if it is 
recognized that the condition is one of spasm. It must be differentiated 
from facial hemiatrophy. The latter, like spasm, gives a “Janus-faced” 
appearance, but the pathologic process is one of atrophy of all the tissues 
of one side of the face, with a “falling in” of the facial structures. At 
least one member of the house staff failed to recognize the presence of 
spasm in the woman who had had Bell’s palsy and made a diagnosis 
of paralysis of the seventh nerve of the upper motor neuron type. 

Spasm may be due to neoplasm or disease along the course of the 
nerve or in the posterior fossa and can be excluded by the other signs 
of these lesions. True tic tends to involve other nerve distributions 
and is variable and psychogenic. The history of Bell’s palsy differ- 
entiates this condition from the idiopathic form. 
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Williams * has described a series of cases of a condition resembling 
hemifacial spasm in which head turning was also present and in all of 
which the disorder was on the basis of psychic trauma and responded 
to psychotherapy. In all these cases the history pointed to the psy- 
chogenic factor. 

COMMENT 


It is unfortunate that many of the authors on this subject use the 
term “tic” when they mean “spasm.” The term “tic” should be reserved 
for grimaces of a psychogenic nature or for grimaces which have become 
a habit. Some authors have indicated that the cases of spasm following 
Bell’s palsy fall into a different group. It would seem that when there 
is a true, uncontrollable spasm of one-half the face the term “hemifacial 
spasm” is indicated, the fact being borne in mind that etiologically there 
are at least the two types of hemifacial spasm—the one idiopathic and 
the other following trauma or infection of the seventh nerve. 

There has been some confusion in the use of the terms “spasm” and 
“contracture.” I feel that the term “contracture” implies tissue changes 
which tend to hold the structures in a distorted form, which may increase 
and which do not disappear under procainization. 

Woltman and Ehni stated that the lesion does not apparently extend 
distal to the exit of the seventh nerve at the stylomastoid foramen, as 
section here and anastomosis result in reinnervation of the face with 
no recurrence of the twitching. 

My first case is unusual in that the patient had an apparently sus- 
tained spasm. The involvement of the extraocular muscles suggests 
encephalitis as the etiologic factor. 


SUMMARY 
The condition of hemifacial spasm is described and attention called 
to the fact that at least two forms exist—one on an idiopathic basis and 
the other following regeneration of a traumatized seventh nerve. An 
illustrative case of each is presented. 
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COMPLETE UNILATERAL OPHTHALMOPLEGIA DUE TO PRIMARY 
CARCINOMA OF THE SPHENOIDAL SINUS 


Sphenoidal Fissure-Optic Canal Syndrome with Complete Ophthalmoplegia; 


Report of a Case 


1. S. TASSMAN, M.D. 
PHILADELPHIA 


A* EOPLASTIC, inflammatory or traumatic process which involves 
the structures passing through the sphenoidal (superior orbital) 
fissure and the optic canal may result in pressure on these structures 
and cause an ophthalmoplegia. The condition has been described in 
the literature as the “orbital apex—sphenoid fissure syndrome.” The 
important structures which pass through the sphenoidal fissure are the 
third, fourth and sixth cranial nerves ; the three branches of the ophthal- 
mic division of the fifth nerve; the ophthalmic vein; the orbital branch 
of the middle meningeal artery (when it does not pass through the 
middle meningeal foramen) and the sympathetic fibers from the 
cavernous plexus; the sympathetic root of the ciliary ganglion, and 
(sometimes) the sensory root of the ciliary ganglion. In a roentgeno- 
graphic study of 370 cases by Guidotti,’ the sphenoidal fissure was found 
to show many anatomic variations, and he stated that it is not always 
possible to distinguish satisfactorily by roentgenogram between the 
normal and the abnormal case. 

The optic nerve, the ophthalmic artery, branches of the sympathetic 
carotid plexus and the orbital prolongations of the meninges which 
form the sheath of the optic nerve pass through the optic canal. The 
structures primarily involved in the complete syndrome are the second, 
third, fourth and sixth cranial nerves, the ophthalmic division of the 
fifth nerve, sympathetic fibers, the ophthalmic vein and the ophthalmic 
artery. The syndrome is considered to be incomplete when the optic 
nerve or some of the other structures are spared. An analysis of the 
cases previously reported would seem to indicate that only those in 
which the ophthalmoplegia is complete should be considered as true cases 
of the syndrome. Moreover, the term “orbital apex—sphenoidal fissure 


Read before the College of Physicians of Philadelphia, Section on Ophthalmol- 
ogy, Feb. 21, 1946. A discussion of this article appeared in the August 1946 issue 
of the Arcnives, pages 246-247. 
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syndrome”’ does not appear to be specific for or descriptive of the condi- 
tion. It indicates in a general way the site of the lesion, but, like the name 
of many other syndromes, it fails to provide any idea of the symptom com- 
plex. It would seem better to designate the syndrome as a complete 
ophthalmoplegia and to indicate that it is due to disease simultaneously 
involving the sphenoidal fissure and the optic canal, rather than the 
orbital apex. The name “sphenoidal fissure—optic canal (S-O) syndrome 
with complete ophthalmoplegia” would accomplish this. 


About 10 cases of the syndrome have been reported in the American 
literature since 1900. In 1940 Holt and de Rétth * published an excel- 
lent review of the subject and reported 4 of their own cases under the 
title “orbital apex—sphenoid fissure syndrome.” They pointed out the 
importance of the condition to the ophthalmologist and stated that no 
case had previously been described in the American ophthalmic literature. 
The first typical case in the American literature was reported by 
Hunter * in 1900, the syndrome being due to a gumma at the apex of the 
orbit. Landman * described a case in 1907 in which the optic nerve was 
spared. Other cases were reported by Finlay,® Jackson® and Ré and 
Muhlmann,’ and several in the South American literature, by Ayala 
Haedo and de Ayala Haedo* and by Lopez Villoria.® In the French, 
German and British literature not more than about 100 cases of this 
syndrome have been reported since 1861. 


The syndrome was described as the “sphenoid fissure syndrome” in 
1896 by Rochon-Duvigneaud.’® However, Rollet, in 1865, called atten- 
tion to the occurrence of ocular paralyses with syphilitic periostitis of 
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the sphenoidal fissure, but he did not consider this a clinical or patho- 
logic entity. In 1927 Dejeans* reported 5 cases, with a complete 
review of the literature. According to Dejeans, the first case in which 
the syndrome was due to a tumor of the sphenoid bone was reported 
by Dinkler in 1891. 

In 1935 Roger and Alliez '* also reviewed the literature and collected 
50 cases, excluding those in which the syndrome was attributed to 
traumatism and infection of the sinuses. It was due to neoplasm in 
20 cases and to syphilis in 16 cases. Of 15 cases of their own, the 
syndrome was said to be caused by neoplasm in 7. Cancer of the 
sphenoid bone was present in 2 cases; metastatic tumor, in 4 cases with 
the primary growth in the breast, kidney, lung and intestine, and a dis- 
seminated epithelioma of unknown origin, in 1 case. Cases of tumor 
occurring in the neighborhood of the sphenoidal fissure and in the 
sphenoid bone without any signs of the syndrome have also been 
described by Herzau ** and by David and Hartmann.'* 

Carcinoma of the sphenoidal sinus is uncommon. Salinger,?® in his 
excellent review of the paranasal sinuses, cited Bachi,'® who stated that 
the literature recorded 40 cases of malignant tumor of the sphenoidal 
sinus, in only 10 of which the tumor was carcinoma. This small number 
was explained by the fact that such a tumor is seldom diagnosed early 
enough to establish definitely the point of origin. Other cases have 
been reported since 1938 by Hardie and Ahronheim ** and by Tolan.’* 
The latter stated that carcinoma of the sphenoidal sinus has five routes 
of extension. In order of frequency, these are: orbital, nasal, cranial, 
petrous and occipital. The case which they presented was an example 
of the last and was believed to be the only one of this kind on record. 

The symptoms usually complained of in the sphenoidal fissure-optic 
canal syndrome are hyperesthesia or anesthesia of the upper lid, half 
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the forehead and the cornea; vasomotor disturbances, and impairment 
of vision, which in many cases results in blindness. Pain is fairly 
constant. It is localized behind the eyeball and radiates to the top of 
the head, to the forehead and to the temples. The pain usually subsides 
when the ophthalmoplegia is at its height. 

Other signs are diplopia; ophthalmoplegia of varying degree, includ- 
ing ptosis; loss of accommodation, and an enlarged, fixed pupil. There 
may be only slight changes in the fundus, but involvement of the optic 
nerve occurs, with atrophy of the nerve, late in the condition. Exoph- 
thalmos is not a typical finding and is only slight when present. The 
syndrome may be bilateral but usually affects only one eye at a time. 
Months or years may elapse before the other eye becomes involved. 

An interesting case of the complete syndrome is reported which was 
due to a malignant process extending laterally from the sphenoidal sinus 
to involve the structures which leave the adjacent cavernous sinus to 
enter the sphenoidal fissue and the optic canal. 


REPORT OF CASE 


Mrs. Y. S., a Jewish woman aged 58, was referred by Dr. Edward Rubin 
and was admitted to the medical ward service of Dr. A. I. Rubenstone of the 
Mount Sinai Hospital, Philadelphia, on Nov. 26, 1945. The chief complaint was 
headache, which had become very severe in the last two months, and severe, 
persistent epistaxis of about one week’s duration. 


Past History.—The past medical history revealed moderate hypertension of ten 
years’ duration, with angina pectoris on moderate effort for the past three years. 
The patient had had moderate menopausal symptoms since 1940, when her menses 
ceased. She had 3 children, who were living and well. She did not recall any 
serious illnesses except for typhoid in 1905 and influenza in 1918. 

She had had mild, infrequent headaches since early adult life. In 1941 these 
headaches, although still infrequent, became more severe and were described as 
shooting pains in her head associated with dizziness. It was thought that these 
headaches were due to cerebral arteriosclerosis associated with moderate meno- 
pausal symptoms. In July 1945 the headaches became more frequent and once 
again were “shooting” in character but lasted only a few seconds. In September 
1945 the sharp, shooting headaches recurred daily. In November 1945 they were 
almost constant, with no relief from analgesics. The patient was now confined 
to bed. She complained of a burning sensation on the scalp associated with the head 
pains. The pain radiated over the right temple, and the right side of the forehead 
and over both eyebrows, being more severe over the right one, and was also 
localized in her right ear. Her nose also became stuffy, especially on the right 
side, due to a boggy, pale, allergic-appearing nasal mucosa. At this time a rhino- 
logic examination revealed no other abnormalities. On November 16, ten days 
before admission, she had a severe nosebleed from the right side. This persisted 
intermittently until she was admitted to the hospital. Two days prior to admission 
the blood pressure was 200 systolic and 100 diastolic, and general physical exami- 
nation revealed otherwise an essentially normal state. The eyes at this time 
showed no visible abnormalities except for slightly distended retinal veins on 
ophthalmoscopic examination. The head pains now became knifelike and excruciat- 
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ing ; they still radiated to the forehead, the right temple and both eyebrows, being 
most severe over the right eyebrow and the right eye. 

Physical Examination—On admission, on November 26, her height was 5 feet 
and her weight 125 pounds (56.7 Kg.). Her normal weight was 130 pounds 
(59 Kg.). The blood pressure was 160 systolic and 90 diastolic; the pulse rate was 
90 and the rhythm regular; the temperature was 98.6 F., and the respiratory rate, 
21 per minute. Soon after admission she again bled intermittently from the right 
nostril. No definite bleeding points could be seen in the nose. The physical exami- 
nation otherwise showed nothing abnormal except for a few suspicious-looking 
teeth. The electrocardiogram was within normal limits. The eyegrounds were 
normal except for arterial contraction and a slight arteriovenous crossing phe- 
nomenon. No other ocular abnormalities were noted. On the morning of 
November 28 the epistaxis became profuse and remained so for about eighteen 
hours, when her nose was firmly packed. She had lost a great deal of blood, 
however, and the hemoglobin concentration dropped from 96 to 68 per cent. 


Fig. 1.—A, patient looking straight ahead, showing complete ptosis of the right 
upper eyelid; B, patient looking to the right, showing fixed position of the right 
eye; C, patient looking to the left, showing fixed position of the right eye. 


Ophthalmic Examinations——Right Eye: On November 30, four days after 
admission, she suddenly lost the vision in the right eye. On the following day 
a partial ptosis of the right upper eyelid was noted. The right pupil was dilated 
to about 6 mm. in diameter and failed to react to light. At this time ophthalmo- 
scopic examination revealed no cause for the loss of vision. Other than distention 
of the central veins and narrow, tortuous arteries, the fundus was essentially 
normal. Three days later the ptosis of the right upper eyelid was complete and 
the pupil was widely dilated and fixed. There was now no rotation of the right 
eye upward, inward or outward, and there was impaired downward rotation. 


Within the next two days (December 5) the right eye became completely 
immobile and fixed in the midposition, with a dilated fixed pupil. Corneal sensitivity 
was absent. The ophthalmoplegia was now complete—six days after her vision 
failed. There was no exophthalmos. 


Left Eye: The rotations of the left eye were full in all directions, and the 
findings on external examination were normal. On ophthalmoscopic examination, 
the media was clear, the optic disk round and the margins well outlined, with normal 
color. The retinal vessels showed the changes of hypertension and arteriosclerosis, 
but no other pathologic condition was seen. 
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Roentgenographic Examination—A roentgenogram of the skull was reported 
to show an essentially normal condition. At this time roentgenographic exami- 
nation of the sinuses showed that the frontal sinuses were not developed; the 
right ethmoid cells were partially clouded, the right antrum was uniformly clouded, 
and the sphenoidal sinus was clear in a lateral view. The left ethmoid cells and 
the left antrum were clear. Special roentgenograms of the sphenoidal sinus were 
not taken at this time. A roentgenogram of the orbits revealed nothing abnormal. 


On December 10, the hearing became impaired, and pus was found in the 
right middle meatus, with bilateral acute otitis media. The latter was thought 
to be the cause of the deafness. Treatment with sulfadiazine, 1 Gm. every four 
hours, and penicillin, 50,000 units every three hours, was started. In two days 
the temperature fell to normal and the otitis media improved, but the deafness 
continued. The next day, December 9, the temperature for the first time rose to 
101F. (rectal). The nasal packing was removed, with no bleeding occurring. 
A direct nasal pharyngoscopic examination on December 19 visualized the entire 
nasopharynx. No neoplasm was seen. Some mucoid secretion was present in each 
eustachian orifice. On December 22 a rise in temperature, due to bilateral basal 
pneumonitis, occurred. The patient had received about 50 Gm. of sulfadiazine 
and about. 5,000,000 units of penicillin. 

On December 24 the patient became worse. In addition to complete ophthal- 
moplegia on the right side, she now presented considerable edema and puffiness 
of the upper and lower right eyelids, extending down over the right side of the 
face. There was a moderate amount of chemosis of the bulbar conjunctiva but 
no exophthalmos. The right fundus now showed changes for the first time. There 
was edema about the nerve head, extending slightly beyond the margin of the disk, 
and several small, superficial hemorrhages were seen lying close to the inferior 
temporal artery. There were also several small, superficial hemorrhages in the 
upper temporal region. The retinal veins were distended, but no other pathologic 
change was seen. The left eye was essentially normal. 

_In consultation with the rhinologist, Dr. Benjamin Shuster, and the neuro- 
surgeon, Dr. Henry Shenkin, an exploration of the right orbit was decided on, 
after insertion of an exploratory needle had proved unsuccessful. 


On December 27, with local anesthesia, the right orbit was explored from the 
medial aspect. An incision was made along the right side of the nose at its 
root and extended under the right eyebrow for a distance of about 2.5 cm. The 
incision was made down to the periosteum. The medial, the inferior, the superior 
and part of the lateral wall of the orbit were explored, without éncountering 
any abnormality. The periorbita was incised on the medial aspect, and no masses 
could be palpated. The wound was dressed with sulfanilamide power, iodoform 
gauze packing and two sutures. 


A review of the roentgenograms was made at this time, with a special view 
to better visualization of the sphenoidal sinuses. This revealed loss of outline 
of the posterior wall of both sphenoidal sinuses with generalized haziness. This 
was interpreted to indicate a destructive lesion involving the sphenoidal sinuses. 


Operation—The patient was then returned to the operating room, and, with 
the use of local anesthesia, an extensive sphenoidectomy, ethmoidectomy and 
antrotomy through the nasal approach was performed on the right side by Dr. 
Benjamin Shuster. The posterior wall and part of the anterior wall of the 
sphenoidal sinus were absent, probably because of erosion by malignant tissue. 
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What appeared to be normal middle turbinate was removed and found to show 
suspicious evidence of a malignant growth. There was considerable bleeding 
during the entire operation. Most of the ethmoid cells were removed. None were 
bony, but they contained degenerated soft tissue. The interior of the sphenoidal 
sinus could be visualized. It contained similar soft, pinkish gray, slightly friable 
tissue. Much of this tissue was removed. The right antrum was also entered, 
Some pus was observed here, with a considerable amount of similar neoplastic- 
appearing tissue, much of which was removed through the middle meatus. The 
wound was packed with iodoform gauze. 


Pathologic Report—All the material removed consisted of a small amount of 
pinkish gray, slightly friable tissue from the sphenoidal sinus and a large amount 
of pinkish gray, soft tissue, with a few pieces containing small cores of bone 


Fig. 2.—Microscopic section of the carcinomatous tissue removed from the 
sphenoidal sinus. 


tissue, from the ethmoid cells, the antrum and the nasal mucosa. Histologic 
examination by the pathologist, Dr. David R. Meranze, showed that the tissue 
from the sphenoidal sinus and that removed from the ethmoid cells, the antrum 
and the nasal mucosa were similar. It was all reported as definitely malignant, 
resembling carcinoma. Clumps of malignant cells were seen within lymphatic 
and vascular channels. Necrosis, hemorrhage and suppuration were present. The 
pathologic diagnosis was “necrotizing, hemorrhagic, suppurative carcinoma invad- 
ing the lymphatics and vascular channels, probably primary in one of the nasal 
sinuses.” 


Postoperative Course—The nosebleed was excessive after the operation but 
gradually subsided. The head pains also gradually subsided, with a slight residual 
pain over the right eye and the right temple. The deafness, although slightly 
improved, was still present. The otitis media cleared up. 


OAs 
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Intensive roentgen therapy was started after operation. This was followed by 
improvement in the general physical condition and morale of the patient. The 
right upper eyelid continued to be moderately swollen, and ptosis was complete. 
There were pronounced chemosis and congestion of the bulbar conjunctiva, and 
the eye was still fixed in midposition. The pupil was dilated and fixed. 

Ophthalmoscopic examination of the right eye on January 14, sixteen days 
after operation, revealed the presence of considerable edema on and about the 
right optic disk, with several fair-sized hemorrhages overlying the disk. There 
was also an increased number of smaller hemorrhages outside the disk. The left 
eye was normal. 


Treatment.—T reatment consisted of transfusion of 500 cc. of whole blood in each 
of four transfusions and administration of 8,880,000 units of penicillin in twenty- 
six days, between Dec. 10, 1945 and Jan. 5, 1946; 60 Gm. of sulfadiazine in fifteen 
days, between December 10 and December 25, and large doses of vitamins and 
iron by mouth. From a medical viewpoint it is interesting to note that bilateral 
basal pneumonitis developed while the patient was receiving sulfadiazine and 
penicillin, 50 Gm. and 5,000,000 units, respectively. The pneumonitis was most 
likely of virus origin. At the time of this report, the patient is still receiving 
roentgen therapy, with little change in the ocular or general condition. It is 
expected that a further report of this case may be made some time in the near 
future. 


Laboratory Studies—Urinalyses showed essentially a normal state except for 
a trace of albumin. The hemoglobin fell from 96 to 68 per cent and gradually 
rose to 76 per cent after four transfusions of whole blood of 500 cc. each. The 
red cell count was 3,490,000 The white cell count ranged from 7,400, on admis- 
sion, to 13,140, on January 11. The differential count showed a slight increase 
in the polymorphonuclear leukocytes. On admission there were 64 per cent seg- 
mented polymorphonuclear cells, 2 per cent nonsegmented forms and 34 per cent 
lymphocytes, and on January 11, 73 per cent segmented forms, 9 per cent nonseg- 
mented forms, 15 per cent lymphocytes and 3 per cent monocytes. The platelet 
count was 290,000 on December 6, with a coagulation time of five and a half 
minutes and a bleeding time of two minutes. The total serum protein and the 
albumin-globulin ratio were normal. Renal function was normal. The prothrom- 
bin time was 65 per cent on December 6. The sedimentation rate was normal. 

A spinal puncture, performed December 4, with the patient in sitting position, 
revealed an increased pressure of 294 mm. of water, with clear fluid and essentially 
normal cellular and chemical findings. The serologic reactions were negative; 
the colloidal gold was normal, and smears and culture revealed no pathogens. 
The serologic reactions of the blood (Kolmer and Kline) were negative. The 
blood sugar was moderately elevated, reaching 180 mg. per hundred cubic centi- 
meters. It was later maintained at a level of about 145 mg. per hundred cubic 
centimeters. 


SUMMARY AND CONCLUSIONS 


A case of carcinoma primary in the sphenoidal sinus occurred in a 
woman aged 58 who presented all the ocular signs and symptoms of 
involvement of the structures passing through the sphenoidal fissure 
and the optic canal without destruction of the inner walls of the orbit. 
The right ethmoid cells and right maxillary sinus were also involved 
by the malignant process. 


+ 
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Epistaxis was unusually severe and prominent, although this symp- 
tom has rarely been mentioned in any of the other cases reported, 
Together with the headache, it was an initial symptom. 

Severe, sharp, knifelike pains radiated over the forehead, the right 
temple and both eyebrows, being more severe over the right side. There 
was also a burning sensation of the scalp. 

The ophthalmoplegia came on rather quickly. It was complete 
within six days after appearance of the first ocular signs. In most 
of the cases in which the syndrome is due to a malignant growth, the 
symptoms have a much slower onset and are more gradual in their 
progress. 

In this case the carcinoma must be seriously considered as primary 
in the sphenoidal sinus. As previously stated, primary malignant growths 
in the sphenoidal sinus are rare, only about 42 cases having been reported. 
It is difficult to state definitely that a malignant growth arises primarily 
in the sphenoidal sinus, because in most cases operation is done too late. 
This was also true in the present case, but the following factors make 
me feel that the sphenoidal sinus must be considered as the primary 
source: the clinical history of severe headache and pain over the fore- 
head and eyes; the fact that a careful examination of the nose, throat 
and ears just before hospitalization revealed essentially nothing abnor- 
mal; the absence of frontal sinuses; the bilateral involvement of the 
sphenoidal sinuses roentgenologically, while the ethmoid cells and 
antrum were involved only on the right side, all would indicate with 
considerable certainty that the carcinoma arose in the sphenoidal sinus. 
It eroded the walls of the sinus and most likely invaded the region of the 
right cavernous sinus with involvement of all the structures. 

If the malignant growth originated in the maxillary sinus, it would 
have invaded the orbit as well as the ethmoid cells. If it had originated 
in the ethmoid cells, it would probably have invaded the nose and also 
the orbit by the time it became extensive enough to involve both 
sphenoid sinuses and the right antrum. It is therefore reasonable to 
assume that the sphenoidal sinus was the original site of involvement. 

The infrequency of reported cases of this syndrome in the American 
literature, and particularly in the ophthalmic literature, makes this case 
worthy of presentation. 


Most of the cases recorded in the past were incomplete in their 
manifestations and were described under various names, most common 
of which was the “orbital apex—sphenoid fissure syndrome.” 

In my opinion, only cases in which the ophthalmoplegia is complete 
should be included in this group. Furthermore, the name of the syn- 
drome should be more specific for and descriptive of the symptom com- 
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plex. Since it results from a morbid process involving the part of the 
sphenoid bone which includes the sphenoidal fissure and optic canal 
with the structures they contain, the syndrome could be more accurately 
designated as the sphenoidal fissure-optic canal syndrome with com- 
plete ophthalmoplegia. The condition should be suspected early, how- 
ever, in cases of paralysis of any of the nerves involved and accompanied 
with the symptoms described. Blindness might be avoided in some cases 
in which the condition is recognized before the optic nerve becomes 
involved by the process. 


Note.—Since this case was reported, I have had the opportunity to 


study 2 additional cases in which the cause was the same. These will 
probably be included in a future report. 


TREATMENT OF LATE POSTOPERATIVE INTRAOCULAR 
INFECTIONS WITH INTRAOCULAR INJEC- 
TION OF PENICILLIN 


CAPTAIN JULIUS SCHNEIDER 
AND 


CAPTAIN SAMUEL S. FRANKEL 
MEDICAL CORPS, ARMY OF THE UNITED- STATES 


SIGNIFICANT literature has been created on the experimental 
treatment of intraocular infections with penicillin. The various 
routes of administration and the concentration obtained in the various 
tissues of the eye have been studied in several laboratories, notably by 
von Sallmann and by Leopold and their co-workers. However, there 
have been but few reports on the effect of intraocular injection of penicillin 
in man. 
The following 2 cases are presented because extracapsular cataract 
extraction was followed by late intraocular infection and was treated 
with intraocular injections of penicillin. 


REPORT OF CASES 


Case 1—D. W. N., aged 63, was readmitted to the Veterans Administration 
Hospital on Aug. 28, 1945 for extraction of cataract in the right eye. He had 
had an intracapsular cataract extraction from the left eye in May 1945, with 
an uneventful postoperative course. He was found to have no foci of infection. 
He received zephiran chloride (1 : 3,000), 1 drop three times a day, in the right eye 
for twenty-four hours prior to operation. The attempt to perform an intracapsular 
cataract extraction was unsuccessful, and the capsule of the lens was torn. A 
broad iridectomy was done, and extracapsular cataract extraction was completed. 
The anterior chamber was irrigated with sterile isotonic solution of sodium 
chloride, and the wound was closed by tying the Stallard suture. The following 
day the anterior chamber was formed. The patient received typhoid—paratyphoid 
A and B vaccine, 10,000,000 organisms, intravenously as a prophylactic measure 
because there had been considerable manipulation in the anterior chamber during 
the operation. On the seventh postoperative day the anterior chamber appeared 
cloudy and within thirty-six hours was filled with a dense creamy fibrinous exudate. 
He received 50,000 units of penicillin intramuscularly every three hours and 
typhoid-paratyphoid A and B vaccine, 20,000,000 units twice a week intravenously. 
Two days later the corneoscleral wound was gaping. A penicillin eye bath (2,500 
units per cubic centimeter) with 2 drops of zephiran chloride (1: 3,000 dilution) as a 
wetting agent was used in an eye cup for ten minutes every hour. He also 


From the Veterans Administration Hospital, New York. 

Published with the permission of the Acting Chief Medical Director, Depart- 
ment of Medicine and Surgery, Veterans Administration, who assumes no responsi- 
bility for the views expressed and the conclusions drawn by the authors. 
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received penicillin ointment (2,500 units per cubic centimeter) locally at bedtime. 
Intracorneal paracentesis was done the next day, and cultures of the fluid of the 
anterior chamber yielded Staphylococcus aureus. Through the paracentesis wound 
500 units of penicillin in 0.2 cc. of distilled water was injected into the anterior 
chamber. This was repeated once daily, in addition to the penicillin eye baths 
and intramuscular injections. He received sulfadiazine orally for seven days; 
penicillin was given intramuscularly and was injected into the anterior chamber 
for fourteen days. The exudate absorbed slowly. A conjunctival flap was made 
eighteen days after the onset of infection. Superficial and deep corneal vascu- 
larization appeared but responded well to roentgen therapy and riboflavin, 30 mg. 
daily. Three months after operation he had a dense corneal opacity with organized 
exudate in the anterior chamber, but minimal vascularization. Vision was limited 
to light perception and faulty projection. The tension was normal. 


Case 2.—W. A. R., aged 46, was admitted to the Veterans Administration Hos- 
pital on Sept. 28, 1945 for extraction of traumatic cataract. On Oct. 8, 1945, he had 
had an extracapsular cataract extraction. He received typhoid—paratyphoid A and 
B vaccine intravenously every two days from the second to the ninth day to hasten 
absorption of the lens cortex. On the eleventh postoperative day he had a painful, 
reddened eye with a cloudy anterior chamber, a muddy iris and a small hypopyon. 
He was given penicillin, 100,000 units intramuscularly every three hours, sulfa- 
diazine, 15 grains (0.975 Gm.) orally every four hours, and atropine and hot 
compresses locally. Paracentesis was done, and the fluid of the anterior chamber 
showed Staph. aureus on culture. The hypopyon did not reappear, but two days 
later edema of the upper lid became apparent. There was no improvement, and on 
the twenty-fourth postoperative day (thirteen days after the appearance of endoph- 
thalmitis) an intravitreal injection of 500 units of penicillin dissolved in 0.2 cc. 
of distilled water was given through an opening in the sclera 12 mm. from the 
limbus. Postoperatively, treatment with penicillin, typhoid—paratyphoid A and B 
vaccine and sulfadiazine was continued. The next day scleral injection and cloudi- 
ness of the anterior chamber diminished. Thirteen days after the intravitreal injec- 
tion of penicillin all therapy except for mydriatics was discontinued. Six weeks 
later he was found to have light perception with faulty projection. There was a 
faint aqueous flare. The iris was displaced slightly upward and temporally, with 
the pupil measuring 1 mm. in diameter and the iris adherent to the anterior limiting 
membrane of the vitreous. The eye was soft but not phthisical. 


COMMENT 


High concentrations of penicillin can be produced in the anterior 
chamber by several means. Von Sallmann and Meyer? produced high 
levels in the normal rabbit eye by the corneal bath and iontophoresis. 
Struble and Bellows? reported that the corneal bath gave higher 
concentrations of penicillin in the aqueous than subconjunctival injection. 
The studies of Leopold and LaMotte® indicated that repeated local 


1. von Sallmann, L., and Mever, K.: Penetration of Penicillin into the Eye, 
Arch. Ophth. 31:1 (Jan.) 1944. 

2. Struble, G. C., and Bellows, J. G.: Studies on the Distribution of Penicillin 
in the Eye, J. A. M. A. 125:685 (July 8) 1944. 

3. Leopold, I. H., and LaMotte, W. O., Jr.: Penetration of Penicillin in Rabbit 
Eyes with Normal, Inflamed and Abraded Corneas, Arch. Ophth. 38:1 (Jan.) 1945. 
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application of penicillin has no deleterious effect on regeneration of 
corneal epithelium. Dunnington and von Sallmann‘ reported that 
repeated injections produced lenticular opacities and synechias; they 
recommended administration by iontophoresis and by subconjunctival 
injection. However, reports from Alpert® and the ninth Evacuation 
Hospital * do not corroborate their findings in man. 

In cases of severe infection of the vitreous there is no question that 
the only means of obtaining adequate concentration of penicillin is by 
direct intravitreal injection. Leopold’ reported that penicillin given 
systemically does not produce an adequate concentration in the vitreous 
for therapeutic purposes. Von Sallmann, Meyer and Di Grandi * advised 
the use of a fine needle and the injection of penicillin into the central 
portion of the vitreous to minimize the possibility of producing traumatic 
cataract or retinal detachment. ‘Von Sallmann® stated that a twelve 
hour interval between infection and administration of penicillin is the 
limit for satisfactory treatment of experimental exogenous infections 
of the vitreous. This time limit can be extended to similar conditions 
of the human eye, but encouraging results can be obtained even after 
signs of severe endophthalmitis have become apparent clinically. 

Of the 2 patients whose cases are reported here, the first had a 
severe fulminating infection of the anterior chamber. He received 
500 units of penicillin intraocularly daily for two weeks. One cannot 
state how much of the residual scarring was due to the infection and 
how much was caused by the penicillin. However, there is no question 
that the infectious process was responsible for most of the damage. 
The second patient was given 800,000 units of penicillin and 90 grains 
(5.85 Gm.) of sulfadiazine systemically daily for thirteen days, with 
no improvement. As a last resort, penicillin was injected into the 
vitreous, with a dramatic response. 

As a rule, eyes with postoperative infections as severe as that 
in the 2 cases reported here continue to become worse and finally require 
evisceration. In fact, evisceration was considered in both cases prior 


4. Dunnington, J. H., and von Sallmann, L.: Penicillin Therapy in Ophthal- 
mology, Arch. Ophth. 32:353 (Nov.) 1944. 

5. Alpert, D. R.: Intraocular Injection of Penicillin in a Case of Ring Abscess 
of the Cornea, Am. J. Ophth. 28:64 (Jan.) 1945. 

6. Notes on Penicillin in Ocular Infections, M. Bull. Mediterranean Theat. 
Op. 2:167 (Dec.) 1944. 

7. Leopold, I. H.: Intravitreal Penetration of Penicillin and Penicillin 
Therapy of Infections of the Vitreous, Arch. Ophth. 33:211 (March) 1945. 

8. von Sallmann, L.; Meyer, K., and Di Grandi, J.: Experimental Study oa 
Penicillin Treatment of Ectogenous Infection of Vitreous, Arch. Ophth. 32:179 
(Sept.) 1944. 

9. von Sallmann, L.: Penicillin Therapy of Infections of the Vitreous, Arch. 
Ophth. 33:455 (June) 1945. 
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to injection of penicillin into the globe. Perhaps, if we had used intra- 
ocular injections earlier in the course, our results would have been 
better. The concentration of penicillin used intraocularly was the 
one found safe in animal studies. It is possible that stronger concentra- 
tions of penicillin may be tolerated just as well by man and give better 
results. As it is, we can only say that both eyes tolerated the injections 
of penicillin and went on to rather rapid quiescence soon after the 
injections were given. 
CONCLUSIONS 

1, The intraocular injection of penicillin for late postoperative infec- 

tions is well tolerated by man. 


2. The eye which becomes infected postoperatively may be saved 
from evisceration by early injection of penicillin directly into the 
involved area. 


130 West Kingsbridge Road, New York (Bronx 63). 
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PSEUDO-GRAEFE PHENOMENON 


J. FERREIRA FILHO, M.D. 
Staff Assistant at the Eye Clinic of Sao Francisco de Assis Hospital 
(Dr. Joaquim Vidal, Director) 


Translated from the Portuguese by Eugene Ressencourt 
RIO DE JANEIRO, BRAZIL 


DO NOT know whether it was merely a matter of luck that I 

was unable to discover, among the pages of such Brazilian magazines 
of ophthalmology as I could lay my hands on, any observation on the 
pseudo-Graefe phenomenon (Bielschowsky) or to learn whether such 
an -anomaly, also called “Fuchs’s sign,” and even the “pseudo-Graefe 
syndrome,” really constitutes a rarity among associated movements of 
the eyelids. This is the curious phenomenon which I shall discuss in 
this paper and with which I was acquainted only through a few cases 
reported in foreign technical books and journals. 


CASE UNDER MY SUPERVISION 

On Jan. 23, 1944 Miss I. G. R., a Brazilian white woman, aged 20, suffered 
an accident (a fall from a horse) and shortly thereafter went into coma, which 
lasted three days. Flaccid hemiplegia of the left side of the body developed, 
and she remained in a state of unconsciousness for twenty-five days. At this 
time several roentgenograms were made but they showed no sign of a fracture. 
Examination of the spinal fluid revealed red blood cells. After the twenty-fifth 
day a gradual improvement of the patient’s condition was noted. 

On Aug. 16, 1944, when she was examined by my distinguished colleague, 
the neurologist Dr. Cortes de Barros, the patient showed only the ocular symp- 
toms hereafter described, together with slight adiadokokinetic disturbances, notice- 
able only in rapid movements of the hand. The next day I examined the patient 
and found that the ocular abnormality was total paralysis of the left oculomotor 
nerve, with partial functional recovery of the internal rectus muscle and barely 
appreciable functional recovery of the levator muscle (figure 4). I determined, 


This paper was read, with the patient present, at a meeting of the Brazilian 
Ophthalmological Society in Rio de Janeiro on May 18, 1945; it was then com- 
mented on by Dr. Paulo Filho, who called attention to the possibility that the 
patient’s ptosis might be only a defense attitude against double vision. After 
thanking Dr. Paulo Filho for his comment, I replied that such a hypothesis was 
not acceptable, for the following reasons: (1) The patient did not complain of 
double vision when both eyes were open, even with a red glass held before 
one eye; (2) it was customary for her to keep both eyes open, for, being a student, 
she spent hours in reading, with the right eye directed downward and the left 
eyelid in a retracted position, and this without the slightest inconvenience. . 
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further, that with correction of the slight hypermetropia visual acuity of 20/20 
was obtained in each eye. Everything else was normal, including the fundus 
oculi and the visual field for white and other colors. I attributed the paralysis 
to a lesion in the trunk of the left oculomotor nerve, and I advised the patient 
to continue with the treatment recommended by Dr. Cortes de Barros. Some 
days later she reported to me that she was feeling better, for she had already 
succeeded in moving the fallen eyelid. Examining her again, I observed that 
indeed the upper lid of the left eye rose, but only when the patient directed her 
gaze downward or to the right (figure, B and C). Not many days had passed 
before the patient came to me to demonstrate that also when she directed her 
gaze upward the lid of the left eye retracted (figure, D). In the effort of 
directing the gaze upward, as well as of directing it downward, especially in 


A shows the patient’s present habitual ocular condition; B shows the patient 
looking downward and the resulting retraction of the upper left eyelid; C, the 
patient looking to the right (and slightly downward) and the resulting retraction 
of the upper left eyelid; D, the patient looking upward and the resulting retraction 
of the upper left eyelid; EL, the patient with the right eye closed and directed 
downward and to the right beneath the closed lid, with retraction of the upper 


left eyelid, and, /’, the patient looking to the left, with no retraction of the upper 
left eyelid. 


the case of the latter, the left eye moved slightly inward concomitantly with 
the retraction of its upper lid. A week later she noticed that with the right eye 
closed she could raise the fallen lid (figure, E). In looking to the left, the left 
eye remained shut (figure, F). These symptoms correspond exactly with those 
reported under the name of “Fuchs’s sign” (or even under the designation 
“pseudo-Graefe syndrome” or “pseudo-Graefe phenomenon,” through the simi- 


larity to retraction of the upper lid during downward gaze in cases of exoph- 
thalmic goiter). 


“4 
. 
| — 
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ABSTRACT OF CASES FROM PUBLISHED MATERIAL 


Bielschowsky,' of Breslau, Germany, has published 5 cases of the 
“pseudo-Graefe phenomenon.” I shall summarize them as follows: 


CasE 1—A man of 30 suffered paralysis of the right oculomotor nerye 
through a fracture of the base of the skull. Three months later examination 
revealed, as a residual of the paralysis, only moderate dilatation of the right 
pupil, a very slow reaction to light, an almost normal reaction of the pupil in 
convergence and pupillary slight paresis of the superior rectus muscle. The 
eyes were parallel in the primary position, and the upper lids were raised equally, 
In looking downward and to the right, both eyelids followed the eyes normally, 
whereas in looking downward and to the left the upper lid of the right eye 
retracted and the pupil of this eye narrowed in such a way that the dissimilarity 
of the pupils disappeared. 


Case 2.—A woman of 39, six months after sustaining a fracture of the base 
of the skull which produced total paralysis of the third and seventh nerves, 
presented the following conditions: absence of ptosis in the primary position of 
the eyes, normal synergy of the eyes and upper lids when looking down and to 
the right and considerable retraction of the right upper lid when looking down 
and to the left. At the same time, the dilated pupil of the right eye contracted; 
it did not respond to light, and its reaction in convergence was imperfect. 


Case 3.—A woman of 28 had total paralysis of the right oculomotor nerve, 
the origin of which had not been determined. Five months later there was also 
retraction of the right upper eyelid in looking downward and to the left, and 
the pupil was contracted, as in the 2 previous cases. 


Case 4.—A student had total paralysis of the left oculomotor nerve as the 
result of a fracture of the base of the skull. The patient was under the author’s 
(Bielschowsky’s) observation for over three years. Only fifteen months after 
the fracture had occurred was the first change observed. Then it was seen that 
a few folds appeared in the upper lid, which had been completely relaxed until 
then, and that the patient when looking directly to the front was able, with the 
greatest effort, to open the lid 3 mm. When he looked to the left, the eyelid 
was completély relaxed, and he could not raise it at all; but when he made a 
great effort to look downward, the lid raised itself a few millimeters automatically. 
This retraction was greater when the right eye was directed upward. When an 
effort was made to look to the right, a maximal retraction of the left upper lid 
was observed. 


Case 5.—A woman had syphilis of the basal portion of the brain, which 
resulted in atrophy of the left optic nerve, paralysis of the left fifth nerve and 
total left ophthalmoplegia. The left eye could not be moved. The left upper 
eyelid could not be raised with any amount of effort; it remained relaxed even 
when the patient looked upward. But when she looked to the right, the lid 
was automatically raised a little; and when she looked downward, it was raised 
still more, as the right upper lid, which was normal, reached its lowest position. 


In commenting on these ‘cases, Bielschowsky asserted that Fuchs 
explained the phenomenon as follows: In consequence of a lesion of 
the nucleus of the third nerve, or atrophy thereof through retrograde 


1. Bielschowsky, A.: Lectures on Motor Anomalies of the Eyes: Paralysis 
of Individual Eye Muscles, Arch. Ophth. 13:33-35 (Jan.) 1935. 
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degeneration, the nervous stimulation received by a part of the nucleus 
spread to the surrounding portions in such a way that they also were 
stimulated and involuntary movements occurred. Bielschowsky took 
exception to this theory with respect to those patients who presented 
retraction of the upper eyelid despite the fact that all the external 
ocular muscles had completely lost their function, the levator of the 
eyelid reacting only automatically to impulses sent to specific muscles, 
principally the depressors, which have no physiologic connections with 
it. Moreover, in practically all his patients who presented this phe- 
nomenon the lesion producing paralysis of the oculomotor nerve was 
localized at the base of the skull. He went on to say that he could 
not conceive of a complete retrograde degeneration of the nucleus, 
such as Fuchs pictured, in which only the innervating nucleus of the 
levator muscle would not be affected and, not being able to respond 
voluntarily to stimulation, would be sensitive only to impulses sent to 
other, atrophic, parts of the nucleus of the third nerve. Bielschowsky 
expressed his belief that the pseudo-Graefe phenomenon could be 
explained as follows: Suppose that the continuity of the oculomotor 
nerve is interrupted by a tumor or by trauma and that in the course 
of healing some of the nerve fibers from the central part of its trunk 
do not connect with their respective original sheaths in the peripheral 
part and wander off to alien muscles. For example, fibers belonging 
to the internal rectus muscle might make connections not with this 
muscle but with the levator muscle of the eyelid, with the result that 
impulses to adduction of the eye cause an elevation of the upper lid, 
even though it cannot be raised by an effort of direct innervation, 
inasmuch as the fibers from the nucleus for the levator muscle have 
wandered off. In a few cases some of the nerve fibers destined for the 
levator muscle reach this muscle along with fibers of other origin, and 
thus, while there is no ptosis, there is an abnormal retraction of the upper 
eyelid when impulses are sent to other muscles. It seems, as 
Bielschowsky suggested, that the nerve fibers, when regenerating, 
prefer to grow in certain directions, which lead them to the wrong 
sheaths; and thus in most cases the impulse to look downward and 
inward causes the strongest retraction of the upper lid. It is interesting to 
note that in 3 of Bielschowsky’s 5 cases the paralyzed or paretic pupil 
contracted when the gaze took directions in which the upper lid rose. 

Especially interesting is a case which Bender ? reported and presented 
at a meeting of the New York Neurological Society in which the 


2. Bender, M. B.: (a) The Nerve Supply to the Orbicularis Muscle and the 
Physiology of Movements of the Upper Eyelid, with Particular Reference to the 
Pseudo-Graefe Phenomenon, Arch. Ophth. 15:21-30 (Jan.) 1936; (b) Abnormal 
Associated Movements of the Eyelid (Pseudo-Graefe Sign), Arch. Neurol. & 
Psychiat. $5:403 (Feb.) 1936. 
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phenomenon appeared after removal of a parasellar osteochondroma, 
This case was also reported by Levitt.* In a word, examination 
revealed the following conditions in the left eye: paralysis of the 
superior and inferior rectus muscles and the oblique muscles and slight 
paresis of the external rectus muscle; semidilatation and immobility of 
the pupil, and absence of ptosis, although the palpebral fissure was 
slightly smaller than that of the right eye. The patient was able to 
close either eye with the same amount of effort, but when he looked 
downward the left upper eyelid remained elevated and the eye moved 
slightly inward. Moreover, when the patient tried to look downward 
with the eyes closed, the upper left eyelid suddenly retracted and 
assumed the same abnormal position as when the patient looked 
downward with his eyes open. Concerning this last condition, Bender 
said **; 

with eyes initially closed, an upper lid snaps upward when an attempt 


is made to look down. The latter abnormality, hitherto undescribed, is probably 
another form of the pseudo-Graefe phenomenon. 


Basing his contention on Mendel’s statement, which he cited, that 
the orbicular muscle is innervated not only by the facial nerve but 
also by nerve fibers that have their origin in the posterior portion of 
the nucleus of the third cranial nerve and pass along with fibers 
destined for the levator of the eyelid, and also taking cognizance of 
the fact the automatic and reflex winking movements may occur 
through contraction, synchronous or separate, of the parts of the 
orbicular muscle,* Bender suggested that in cases of neuropathy of the 
facial nerve (Bell’s paralysis), as in the normal eye, the involuntary 
movement of lowering the upper eyelid in looking downward is due to 
contraction of a part of the orbicular muscle rather than to relaxation 
of the levator, the contraction following the nerve impulse to the 
orbicular muscle via fibers that would run in the branch of the 
oculomotor nerve which innervates the levator muscle. Bender expres- 
sed the opinion that, according to this theory, the absence of involuntary 
action of the upper eyelid in looking downward (the pseudo-Graefe 
phenomenon) is due to an increase in the tonus of the levator muscle. 
He supported the last statement with the following facts: (a) In the 
fixed downward glance, the affected eyelid being forcibly drawn down 
also, relaxation of the force applied is followed by sudden raising of 
the same eyelid; (b) the eyelid resists when it is being drawn 


3. Levitt, J. M.: Unilateral Ophthalmoplegia Totalis; Parasellar Osteo- 
chondroma, Arch. Ophth. 12:877-886 (Dec.) 1934. 

4. Duke-Elder, W. S.: Textbook of Ophthalmology, St. Louis, C. V. Mosby 
Company, 1933, vol. 1, p. 634; cited by Bender.?@ 
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downward, and (c) when the patient looks downward with the eyes 
initially closed, the affected eyelid suddenly retracts. Bender concluded 
that in the pseudo-Graefe phenomenon the tonicity of the levator muscle, 
when the eyes are directed downward, is greater than that of the 
orbicular muscle. He cited as well the theory advanced by Fuchs, 
who, he stated, described the phenomenon in 1893, Gowers, before 
him, having observed 2 cases in 1879, and the theory proposed by 
Bielschowsky, which he said was based on Lipschitz’ explanation of 
the frequent occurrence of abnormal movements of the facial muscles 
in patients during recovery from Bell’s paralysis. A further statement 
by Bender follows **: 


It has been shown by Ramon y Cajal that in the repair of a damaged nerve the 
regenerating nerve fibers reach the peripheral stump in great disorder. The great- 
est number of sheaths, instead of receiving the outgrowths of the corresponding 
axons, are invaded by sprouts derived from axons in other regions of the central 
stump. Under such conditions, an impulse originally directed to one muscle will devi- 
ate to another and produce a contraction-in the muscle for which it was not intended. 
Thus, in patients manifesting the pseudo-Graefe phenomenon, it is probable that 
the regenerated fibers of the third cranial nerve trunk innervate chiefly the levator 
palpebral and internal rectus. For example, axons which were supposed to have 
reentered the nerve sheath of the nerve bundle supplying the inferior rectus muscle 
have instead regenerated into the sheaths of nerves supplying the levator and 
internal rectus. Consequently, an impulse meant for the inferior rectus will be 
propagated to the levator and internal rectus, producing a light contraction in 
these muscles. At the same time, the relaxation of the levator, which is sup- 
posed to be present when the eyelid moves downward, does not take place. It 
is also probable that fibers from the other bundles of the third cranial nerve 
enter the “regenerated pathways,” producing the slight motion of the internal 
rectus on upward gaze. 


Bender also referred to a case of Halpern’s, that of a patient with 
paralysis limited to the levator muscle, resulting from a gunshot wound 
in the head in which the bullet lodged in the base of the skull on the 
right side. For three months there was no sign of any lesion except 
for complete ptosis of the right eyelid. Then the ptosis disappeared 
and the pseudo-Graefe phenomenon appeared. Downward movements 
of the eye were perfect. The eyelid retracted on his looking downward 
and inward but only infrequently when he was looking inward. Bender 
expressed the opinion that this case demonstrated also the possibility 
that the pseudo-Graefe phenomenon resulted from a lesion confined 
to the levator part of the oculomotor nerve and that, granting to be 
true the theory of innervation of the orbicular muscle by fibers of the 
oculomotor nerve accompanying fibers to the levator muscle, the follow- 
ing inference might be made: By virtue of the defective regeneration 
of the nerve fibers, the impulse directed to the orbicular muscle for 
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the involuntary movement executed by the upper eyelid in looking 
downward would be switched to the levator muscle and give it, in 
such a position, a tonicity greater than that of the orbicular muscle, 
a condition which would make impossible the normal associated move- 
ment. Bender, therefore, claimed that the pseudo-Graefe phenomenon 
results from tonic innervation of the levator muscle in the course of 
defective regeneration of the nerve fibers, nerve impulses being switched 
to it which were destined for the orbicular muscle or for other muscles. 

Gifford,® in an interesting article on a subject correlated with the 
matter under discussion, stated that Thurel analyzed Fuchs’s sign, 
preferring this term for the pseudo-Graefe phenomenon, and explained 
it as an accompaniment to an aberrant regeneration of the nerve fibers, 
occurring only with lesions which affect the trunk of the nerve. He 
stated that it was of the same nature as the Marcus Gunn phenomenon, 
in which fibers destined for the motor branch of the trigeminal nerve 
reach the oculomotor nerve. Gifford added that Voisin discussed 
Fuchs’s sign and explained it as a-synergy between the lower rectus 
muscle and the levator muscle of the eyelid, which is manifested when 
the eyes are opened after sleep. He expressed the belief that this 
synergic movement may in some cases persist when elevation of the 
eyelid is otherwise impossible. Coppez, cited in the same article, also 
preferred the denomination “Fuchs’s sign” for the pseudo-Graefe phe- 
nomenon; he expressed the opinion that, the contraction being more 
accentuated when the patient looks downward and inward, aberrant 
regeneration of the fourth nerve may be considered a possibility. Gifford 
also cited Morax’ case, in which, as in Halpern’s case, there was no 
ptosis, the mobility of the eye was almost normal and retraction of the 
upper eyelid, when the patient was looking downward and inward, 
was the only anomaly present. 

Sedan,® in “Traité d’ophthalmologie,” published under the auspices 
of the French Ophthalmological Society, presented A. Thomas’ opinion 
on the subject, as follows: 

When the ptosis is due to a total paralysis of the third pair of cranial nerves, 


there are sometimes noted, in the period of recovery, abnormal oculopalpebral 
synkineses, owing to errors in ligation (erreurs d’aiguillage) of the nerve fibers. 


He stated, further, that Coppez defined Fuchs’s sign as the ocular 
synkinesis consisting in elevation of the upper eyelid when the eye was 
looking downward and inward. 


5. Gifford, S. R.: Paradoxic Elevation of the Lid, Arch. Ophth. 22:252- 
256 (Aug.) 1939. 

6. Sedan, J., in Bailliart, P., and others: Traité d’ophthalmologie, Paris, 
Masson & Cie, 1939, vol. 3, p. 1065. 
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Yanes,’ of Habana, Cuba, published a case of incomplete paralysis 
of the left oculomotor nerve, in which the extrinsic musculature of the 
left eye was affected and the pupillary reflexes were preserved. Yanes 
was particularly aware that the ptosis was not a total one but dis- 
appeared completely when the right eye was occluded*® or when its 
vision was interfered with by a blinker or, again, when this eye was 
directed outward or inward. He compared his case and the case 
reported by Gifford and concluded that the possibility of the phe- 
nomenon being an accompaniment of aberrant regeneration of the nerve 
fibers, such as was present in Gifford’s case, was doubtful in his case, 
in which simple occlusion of the right eye, without producing any 
movement of that eye, caused a retraction of the left upper eyelid. 
Though he stated at the beginning that he did not intend to place 
any pathogenic interpretation on the curious phenomenon but, rather, 
wished to assign one principle to the study of the complex topic of 
functional paralysis of the ocular muscles, he suggested, at length, the 
hypothesis of a sensory-motor association, adding, however, that any 
pathogenic interpretation placed thereon would be dubious and fallacious 
while there was no fundamental anatomic basis for it. 


Rea® cited a case of the pseudo-Graefe phenomenon: A patient 
aged 30, after a fracture of the base of the skull, had paralysis of the 
right oculomotor nerve and, as a residual of this, retraction of the 
upper right eyelid when looking downward and to the left. There 
was also contraction of the pupil of the right eye when the lid of this 
eye retracted. 


Spaeth *° stated that Walsh and King, of Baltimore, were the first 
to call attention to the importance of the pseudo-Graefe phenomenon 
as a sign of intracranial saccular aneurysm. These authors ** adopted 
the theory of defective nerve regeneration to explain the phenomenon 
and alluded to the publications of Bielschowsky, Bender Ford and 
Woodhall. Walsh and King, in a short series of cases of intracranial 
saccular aneurysm, discovered in 2 of them the concomitant occurrence 


7. Yanes, T. R.: Paradoxic Monocular Ptosis, Arch. Ophth. 28:1169-1172 
(June) 1940. 

8. The same thing occurred in my case, as confirmed by E of the figure, but 
my patient, contrary to what Yanes stated with reference to his, perhaps through 
a natural effort to see with the left eye, moves her right eye aftér it has 
closed to force a retraction of the left upper lid. 

9. Rea, R. L.: Neuro-Ophthalmology, St. Louis, C. V. Mosby Company, 
1941, p. 531. 

10. Spaeth, E. B.: Principles and Practice of Ophthalmic Surgery, ed. 3, 
Philadelphia, Lea & Febiger, 1944, p. 217. 

11, Walsh, F. B., and King, A. B.: Ocular Signs of Intracranial Saccular 
Aneurysms, Arch. Ophth. 27:1-33 (Jan.) 1942. 
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of the pseudo-Graefe phenomenon. In 1 of these 2 cases besides 
retraction of the lid they noted a manifestation of defective nerve 
regeneration consisting in contraction of the paralyzed or paretic 
pupil on the effort of adduction. This manifestation they found also 
in 2 other cases of aneurysm, and I have already referred to it in 
discussing Bielschowsky’s 5 cases, in 3 of which it appeared. 


Adrogué ** likewise discussed fenomenos palpebrales, which present 
themselves at times with incomplete recovery of paralysis of the oculo- 
motor nerve, corresponding to the spasms of the levator of the eyelid, 
which always accompany such defective regeneration. He cited 
Bielschowsky’s cases and Bielschowsky’s explanation of the phenomenon 
and added: 


This hypothesis of the pathogeny of the sign of pseudo “paradoxic monocular 
ptosis,” 7 a term I prefer for the data presented by Gifford and Yanes, has been 
confirmed through the experiments on monkeys, carried out by Bender and 
Fulton,13 in which, in the anterior section of the oculomotor nerve, the nerve 
fibers regenerated along abnormal routes, producing the analogous phenomenon 
of retraction of the eyelid. 


Prof. Linneu Silva, of Rio de Janeiro, examined my patient after 
I had determined the abnormal movement of the upper eyelid, and I 
wish. to quote from his comment on the case: 


The atypical recovery of function of the levator of the eyelid associated with 
impulses concerned with ocular position in which muscles innervated by the same 
pair of cranial nerves must participate, after iontotherapy and after a long period 
of complete inactivity of all the muscles innervated by the same nerve, suggests 
the persistence of fibers which are still capable of functioning and which, throug 
synkinesis, conditioned to an increased inflow of nervous activity from 
impulses for the functioning of other muscles activated by the same nerve, enter 
into action. This mechanism is the more credible as the phenomenon is apparent 
in all directions of gaze in which the aforesaid muscles should participate, 
especially when a majority of them do so, as in adduction (which causes the 
strongest retraction of the lid), in which three components of the nerve receive 
the impulses. 

TREATMENT 

With regard to treatment, Spaeth '* advised: 

In these instances the surgery first necessary is the correction of the residual 
lateral deviation; second, to dissect the entire levator free from the tarsal plate 


and the superior cul-de-sac, forming thereby a complete paralytic form of ptosis; 
third, the correction of this paralytic ptosis by the use of orbicularis fibers into 


12. Adrogué, k.: Neurologia ocular, Buenos Aires, El Ateneo, 1942, p. 127. 


13. Bender, M. B., and Fulton, J. F.: Factors in Functional Recovery Fol- 
lowing Section of the Oculomotor Nerve in Monkeys, J. Neurol. & Psychiat. 
2:285-292 (Oct.) 1939. 

14. Spaeth,?° pp. 219-221. 
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the occipito-frontalis, that is the Reese technique; and fourth, surgery to the 
superior and inferior recti on the opposite eye to limit their arc of contact—hence 
to limit their vertical excursion so that these will correspond more nearly, with 
those pathologically limited excursions in the opposite paralyzed eye. 


SUMMARY 

A case of grave disturbance of ocular motility is presented which 
supposedly conforms to those described under the denomination of 
“Fuchs’s sign,” “pseudo-Graefe phenomenon” or “pseudo-Graefe syn- 
drome.” 

Only too evident are the absence of publication of similar cases in 
the many Brazilian journals of ophthalmology which I reviewed and 
the limited number of observations in foreign publications which I 
consulted. I enumerate, in condensed form and without comment, 
the cases I found in the literature and the theories on the pathogenesis 
of the phenomenon, and, finally, I indicate the treatment advised by 
Spaeth. 


Assemblea 104. 


BUPHTHALMOS IN A SIX MONTH PREMATURE INFANT 


DAVID WEXLER, M.D. 
AND 


ABRAHAM KORNZWEIG, M.D. 
NEW YORK 


NFANTILE glaucoma, or buphthalmos, has been discovered 

occasionally in newborn infants at term. The present case is of 
special interest because it affords an opportunity to study congenital 
glaucoma in microscopic section at-an earlier stage than has hitherto 
been possible. On section, it was found to belong to the small group 
of. cases of buphthalmos characterized by absence of Schlemm’s canal, 
complete anterior iris synechias and very shallow or no anterior chamber. 
These anatomic features were striking in comparison with the deep 
anterior chamber and hydrophthalmos more commonly found in cases 
of congenital glaucoma. 

REPORT OF A CASE 


History—The circumstances in which the globes of the 6 month premature 
infant were obtained were interesting. During the spontaneous birth of the 
infant the cornea of the right eye ruptured. On examination two hours later, 
the left eye was observed to be stony hard and the cornea milky white, but the 
cornea did not appear to be enlarged. The child died several hours later. Both 
eyes were removed soon after death. They were fixed in Bouin’s solution, and 
serial sections were prepared in paraffin and stained with hematoxylin and eosin 
and with Weigert’s method for elastic tissue. 

Figure 1 indicates the occurrence of familial congenital glaucoma in 3 other 
members of the family of the mother of the premature infant. In the table, 
measurements of the enlarged left eye are compared with those of the eye of a 
normal 6 month old fetus. 


Microscopic Study of the Eye—Right Eye (fig. 2): Except for the rupture 
of the cornea and the extrusion of retina, the right eye was normal in all respects. 
Schlemm’s canal was well developed; trabeculated tissue in the angle was 
properly differentiated, and the iris was fully grown. There were no defects or 
thinning apparent in the sclera. There were no abnormalities of the retina or 
the choroid or evidences of intraocular hemorrhage. The cause of the rupture 
of the globe was not determined. 


From the Laboratories and Ophthalmological Division of the Mount Sinai 
Hospital. 

” Read before the New York Academy of Medicine, Section of Ophthalmplogy, 
Jan. 21, 1946. A discussion of this paper, under the title “Glaucoma in a Pre- 
mature Infant: Report of a Case” appeared in the August 1946 issue of the 
ARCHIVES, page 241. 

1. Anderson, J: R.: Hydrophthalmia, or Congenital Glaucoma: Its Causes, 
Treatment and Outlook, London, Cambridge University Press, 1939. 
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Left Eye: The left eye, uniformly enlarged in all its diameters, appeared 
round, rather than elongated and oval. This was in striking contrast to the 
usual appearance of buphthalmic eyes, in which the enlargement of the anterior 
segment is most prominent. As compared with a normal fetal eye of the same 
age, the distention of the cornea was indicated by the obliteration of the anterior 
corneoscleral sulcus, producing a uniformly rounded appearance. 

Cornea: The corneoscleral junction was barely indicated. There was prac- 
tically no difference in the radius of curvature of the cornea and that of the sclera. 


(1st cousins) ? 


still still — 
bom eyes con phthalmos 


mos.premature infant 
(buphthalmos) 


Fig. 1—Ocular history of the family of a 6 month premature infant, indicating 
familial congenital glaucoma. 


The epithelium was three layers in thickness. Bowman’s membrane was per- 
ceptibly thinned. Many of the stroma cells were swollen. Descemet’s membrane 
was present, but the endothelium of the central portion of the membrane had been 
displaced. It was observed on the anterior capsule of the lens, indicating that 
the lens had been in contact with Descemet’s membrane. 


Measurements, in Millimeters, for the Enlarged Eye of a Six Month Premature 
Infant with Buphthalmos Compared with Those for the Eye 
of a Normal Fetus of the Same Age 


6 Mo.-Prema- 
Normal ture Fetus with 
6 Mo.-Fetus Buphthalmos 

Anteroposterior diameter of globe............ 10.5 15 
Transverse diameter of globe................. 10.0 14 
Transverse diameter of cornea.....:........-+ 6.0 9 
Thickness of cornea at center.............++.. 0.8 0.3 
Thickness of cornea at limbus................ 0.86 0.4 
Thickness of sclera at limbuS............-..++ 0.36 0.28 
Thickness of sclera at equator................ 0.3 0.1 
Thickness of sclera at posterior pole.......... 0.6 0.36 


Iris: The iris was adherent to the posterior surface of the cornea in its entire 
extent. It was much thinner than normal, but its development corresponded to 
that of the iris of a 6 month old fetus. This was indicated chiefly by the fact 
that the pigment of the posterior layers of the pigment epithelium had progressed 
to the base of the iris at the ciliary body. Some fibers of the pupillary membrane 
could be seen at the tip of the iris. Interposed between the endothelium of the 
iris and Descemet’s membrane was a hyaline membrane. This membrane was 
bordered on either side by a thin, flat layer of endothelial cells. It stained faintly 


320 ARCHIVES OF OPHTHALMOLOGY 


lavender with hematoxylin and eosin and extended from the base of the iris 
almost to the pupillary margin, gradually thinning as it approached the center 
of the cornea. There was a faint suggestion of Schlemm’s canal on one side of 


Fig. 2.—Right eye of the buphthalmic fetus, which was normal except for 
spontaneous corneal rupture at birth. S indicates Schlemm’s canal; /, normal 
iris; R, site of corneal rupture. 


Fig. 3—Early buphthalmos of the left eye, B, compared with the smaller eye, 
A, of a normal 6 month old fetus. 


the cornea, but not on the other. The site of the angle was blocked on both 

sides, the ciliary body lying on one side and the root of the iris on the other. 
Ciliary body: The ciliary processes were considerably flatter and fewer than 

normal. The pars planum was considerably longer than normal for an infant 
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of this age. The ciliary muscle was also flattened. Meridional and radial fibers 
could be seen, but circular fibers were absent. 


Fig. 4.—Hyaline membrane, HM, interposed between Descemet’s membrane 
and the anterior layers of the iris. 


Fig. 5.—Site of angle, indicating absence of trabeculated structure and adhesion 
the iris to the corneoscleral junction. / is the iris; H, the hyaline membrane. 


0 


Lens: The lens was displaced forward. It was smaller and flatter than normal 
for an infant of this age but showed normal arrangement of fibrils. There was 
no evidence of the hyaloid artery or its branches posteriorly. 
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Retina: The retinal elements were in their third stage of development. All 
the layers were present but not fully matured. The macula was not examined 
There was no evidence of retinal atrophy or compression of the layers. The 
optic disk showed early glaucomatous cupping. There was no evidence of the 
hyaloid artery or of its sheath. 

Choroid: This layer was thinner than normal. There were fewer blood 
vessels than are normally seen. The lamina suprachoroidea either was absent 
or had been completely obliterated. 

Sclera: The sclera was uniformly reduced in thickness (fig. 3). It was. 
thicker posteriorly than at the equator or at the corneoscleral junction. 


COMMENT 


Of clinical interest in the case of this premature infant with buphthal- 
mos is the presence of a hereditary tendency, to familial congenital 


_ Fig. 6.—The ciliary processes, CF, are flattened; the ciliary muscle, CM, is 
thin and elongated. HM is the hyaline membrane. 


glaucoma and of consanguinity of the grandparents. Duke-Elder? 
stated that consanguinity is a factor in 10 per cent of cases of congenital 
glaucoma. 

Most observers point to a persistence of the prenatal condition of the 
mesoderm in the region of the corneoscleral junction as being respon- 
sible for the obstruction to drainage of intraocular fluid, and hence for the 
eventual development of buphthalmos. If this is true, it did not affect 
the normal growth and development of the iris in the present case. 
What remains to be’ explained is whether the adhesion of iris to cornea 
is a primary condition (i. e., persistence of the early fetal condition) or 


2. Duke-Elder, W. S.: Text-Book of Ophthalmology, St. Louis, C. V. Mosby 
Company, 1938, vol. 3, pp. 1295 and 1297. 
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whether it is a result of intraocular tension. The presence of a hyaline 
membrane on the surface of the iris, while of particular interest, does 
not help in the solution of this problem. A hyaline membrane, as 
Mann * suggested, tends to form when cornea and iris stroma remain 
too long in contact. However, one cannot exclude the development of 
such a membrane as a reaction of the fetal iris to increased intraocular 
pressure. The role of inflammation as a cause of iris synechia and of the 
hyaline membrane is, of course, to be considered. It cannot be excluded 
as a factor in this case merely because the sections did not reveal evi- 
dences of inflammatory disease. Herbert * has emphasized the importance 
of inflammation in the formation of such membranes in the adult eye. 


103 East Eighty-Sixth Street (28). 


3. Mann, I. C.: Developmental Abnormalities of the Eye, London, Cambridge 
University Press, 1937, p. 295. 

4. Herbert, H.: Glass Membrane Formation in Chronic Iridocyclitis, Tr. 
Ophth. Soc. U. Kingdom 47:155, 1927. 


PATHOGENESIS OF GLAUCOMA AND “GLAUCOMATOUS” 
ATROPHY OF THE OPTIC NERVE 


LEO HESS, M.D. 
BOSTON 


OME investigators, Fuchs? for example, have called attention to 

certain congenital anomalies of the glaucomatous eyeball. A char- 
acteristic’ small bulbus, a‘ shallow anterior chamber,’ bulging ciliary 
processes and a ‘comparatively large lens are met with in glaucoma. 
The higher incidence of “inflammatory” glaucoma in hyperopic persons 
may point in the same direction. In hydrophthalmos the ligamentum 
pectinatum and the angle of the anterior chamber are originally under- 
developed. The lens is rather small. “Bilateral spherophakia, with a 
congenitally weak zonula, may be complicated by glaucoma, as Bowman * 
noted. All these anomalies mean a‘ developmental peculiarity or dis- 
proportionate growth of the various tissues of the bulbus. According 
to studies which I have carried out in recent years, to be published else- 
where, proportionate physical growth is related to the normal activity 
and normal development of the central nervous system, including the 
pituitary body and the epiphysis. -The eyeball, the optic nerve and the 
ciliary ganglion—the main factors involved in the pathogenesis of glau- 
coma—belong embryologically to the brain. Some relation between. the 
development of these structures and that of the brain may therefore 
be anticipated. The~anatomic peculiarities of the glaucomatous bulbus 
might lead one to suspect an anomaly of the central nervous system. 
This view has to some extent been corroborated by the studies on 
heterochromia of the iris (Hess*). This congenital anomaly of the iris 
is associated with a special type of skull (eurycephaly) and with lesions 
of the spinal cord, the latter belonging to the status dysraphicus 
(Bremer *). In some cases of hydrophthalmos, furthermore, the con- 
genital glaucoma, port wine stains (hemangioma congenitale) of the 
skin of the face and an anomaly of the brain—angiomas in the meninges 
and in the cortex—are frequently encountered. In other instances of 


1. Fuchs, E.: Lehrbuch der Augenheilkunde, ed. 16, Vienna, Franz Deuticke, 
1940, p. 445. 


2. Bowman, W.: Roy. London Ophth. Hosp. Rep. 1:1, 1865; cited by 
Duke-Elder, W. S.: Text-Book of Ophthalmology, St. Louis, C. V. Mosby Com- 
pany, 1941, vol. 3, p. 331. 


3. Hess, L.: Heterochromia of Iris, Arch. Ophth. 30:93 (July) 1943. 
4. Bremer, F. W.: Deutsche Ztschr. f. Nervenh. 95:1, 1926; 99:104, 1927. 
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hydrophthalmos, multiple neurofibromas, prominent asymmetry of the 
face (hemihypertrophy) and megalophthalmos have been reported. 
It is tempting to recall in this connection Bourneville’s tuberous scle- 
rosis, with its neuroglial growths both in the hemispheres and in the 
retina, and Lindau’s disease, the interesting coincidence of retinal tumors 
and tumors of the same structure within the central nervous system 
(cerebellum, pons and temporal lobes), the brain and retina being the 
exclusive site of these angiomatous lesions. It may be mentioned in 
passing that formation of cysts and of cavities is a significant feature 
of Lindau’s disease. To Schnabel ® credit is due for having noted ‘Cav- 
ities in the anterior part of the optic nerve, which he stated to be 
a characteristic of glaucoma. ‘This statement has been questioned. In 
any case, the congenital anomalies of the bulbus (Bowman?* and 
Fuchs !), and possibly Schnabel’s cavities, are Suggestive of an organic, 
anatomic or constitutional peculiarity. Two problems arise at this 
point: 1. Is it merely a local anomaly of the eye, or is it a cerebral, 
neural anomaly, which underlies glaucoma, and eventually the glau- 
comatous atrophy of the optic nerve? If the latter, the recognition of 
the neural or constitutional peculiarity would provide a clue both to 
the pathogenesis and to the diagnosis and prognosis of glaucoma. The 
Miability of the Jewish people to glaucoma, for example, may have a 
certain nervous or constitutional basis. “A familial incidence of glau- 
coma has been reported by some authors. In 50 per cent of descendants 
of patients with glaucoma; Schoenberg’ noted a ‘surprising response 
to instillation of epinephrine into the conjunctiva (epinephrine mydri- 
asis). ‘This unusual response is a sign of a lesion of the third neuron 
in the sympathetic pathway of the pupil (Hess‘). This lesion either 
is acquired after surgical intervention or is a sign of an inherited neural 
anomaly. 2. If there exists any relationship between the eye and the 
brain aside from the well known mechanical one (increased intracranial 
pressure and papilledema), is it not possible that by studying certain 
nervous disorders which are known eften to be complicated by atrophy 
of the optic nerve, as glaucoma sometimes is, one might obtain a better 
insight into the mechanism of glaucoma as well as of glaucomatous 
atrophy of the optic nerve? Disregarding, in this article, the cupping 
of the disk, which represents in itself a difficult problem, and considering 
only the so-called primary atrophy of the optic nerve, one must empha- 
size again that the significant signs of glaucoma cannot be satisfactorily 
accounted for without digging more deeply and without attempting to 
define better What happens below the surface, i. e., behind the eyeball, 
the apparent scene of the clinical events. 


5. Schnabel, J.: Ztschr. f. Augenh. 14:1, 1905; 19:556, 1908. 
6. Schoenberg, M.: Tr. Am. Ophth. Soc. 22:53, 1924. 
7. Hess, L.: Epinephrine Mydriasis, Arch. Ophth. 30:194 (Aug.) 1943. 
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At the very outset, one should keep in mind the following facts, 
which demonstrate that the ‘close relation that is assumed to exist 
between the atrophy of the optic nerve and the ‘increased intraocular 
pressure appears to be doubtful. 

1. Despite sustained high intraocular pressure, atrophy of the optic 
nerve may not occur for a long time. 


2. There is no definite or constant correlation between the amount 
of intraocular pressure and the atrophy of the optic nerve. This would 
conform to clinical experience in other fields. There is, for example, 
no correlation between the level of systolic blood pressure and the hyper- 
trophy of the left ventricle, the latter being dependent on many factors 
besides the arterial hypertension (Hess *). 


3. Despite lowering of the intraocular pressure by adequate and 
timely treatment, progressive atrophic changes may ensue. 

4. Atrophy of the optic nerve may develop in glaucoma even though 
intraocular pressure is never greatly increased. 

In view of the anatomic facts noted in glaucomatous eyes by Bow- 
man, Fuchs and Schnabel, and in view of these clinical observations 
concerned with atrophy of the optic nerve, the following questions 
deserve attention: 


1. In what circumstances is one accustomed to see “primary” 
atrophy of the optic nerve? 


2. If, in accordance with the discussion in the second article in this 
series,® the primary site of glaucoma is assumed to be in the nervous 
system, behind the bulbus, are any morbid changes of retrobulbar origin 
known to be associated with primary atrophy of the optic nerve, except 
for traumatic injuries and all conditions exerting mechanical pressure 
on the optic nerve (intracranial, intraorbital and intraocular pressure) ? 
If so, what, precisely, is the site? What is the pathologic picture? 

In passing, it might be mentioned that the ventrotemporal part of 
the optic nerve rests on the internal carotid artery. A sclerosed carotid 
artery, aneurysm of the arteria communicans anterior and sclerosis of 
the circle of Willis are recorded in the literature (Knapp *°) to have 
caused bilateral atrophy of the optic nerve. This mechanical factor will 
not be discussed at length in this article. 

Bilateral atrophy of the optic nerve associated with (a) growths 
arising from the pituitary body or its surroundings (suprasellar, infra- 
sellar and presellar tumors) ; (b) arachnoiditis interchiasmatica cystica 


8. Hess, L.: Ztschr. f. Constitutionslehre 9:1 and 72, 1923. 

9. Hess, L.: Pathogenesis of Acute Glaucoma, Arch. Ophth. 32:128 (Aug.) 
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or (c) lesions of the pregenicular tract is generally believed to be due 
to pressure exerted on the optic nerve fibers. Obliteration of the cis- 
terna chiasmatica, above which the chiasm rests (Hirsch *) ; failure 
of the frontal arachnoid spaces to fill with air, and displacement of the 
ventricles, as seen in encephalograms, are considered objective signs of 
abnormal increased pressure within the cranium. The mechanism of 
this pressure, which undoubtedly is present in the advanced stages, 
has been explained by Hirsch.’* Schnabel,’ on the other hand, was 
impressed by the early and abrupt onset in certain cases of bitemporal 
hemianopsia which could not be accounted for by mechanical pressure 
and, furthermore, by the distinct, sharp demarcation of the nasal and 
the temporal half of the visual fields. It is to be borne in mind that 
in some instances of infrasellar tumor, according to personal experience, 
a central scotoma may represent an early sign of this disease, prior to the 
development of bitemporal hemianopsia and signs of increased pressure. 
The well known fact that papilledema is rather uncommon with tumors 
of the pituitary body (except for presellar growths) could not be satis- 
factorily explained. It might, therefore, be advisable to recall ~“Schna- 
bel’s ?* suggestion that not the mechanical factor—or not such a factor 
exclusively—but some toxic, endocrine or congenital agent may play a 
role in the pathogenesis of hemianopsia and atrophy of the optic nerve. 

From Hirsch’s** important work on the hypophysis an amazing 
fact emerges. In cases of tumor of the hypophysis without definite 
signs of acromegaly, Hirsch noted visual disturbances in 100 per cent 
and primary atrophy of the optic nerve in 89 per cent. In contrast to 
this, in cases of tumors associated with undoubted acromegaly, ocular 
signs were noticeable in about 50 per cent. Tumors of the latter cate- 
gory are mainly confined to the sphenoid bone and rather rarely grow 
toward the brain. So long as the tumor does not reach the floor of the 
brain, and remains confined to the sphenoid bone, there are no ocular 
disturbances. On the other hand, there are certain instances (of the 
“ocular type,” according to Hirsch"), in which impairment of sight 
is an early sign. The coincidence of these ocular signs with sexual 
disturbances (impotency, menopause, loss of hair, milk in the mammary 
glands), and sometimes with adiposity, is impressive. The conclusion 
to be drawn is this: According to Erdheim,'* the genital dystrophy as 
well as the adiposity are due to a destructive lesion within the 
hypophysiodiencephalic system (in the hypophysis or in the interbrain 
or in both) and is not a sequel of the eosinophilic hyperfunction of the 
anterior lobe. Consequently, the association of the genital signs with 
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atrophy of the optic nerve suggests that the latter may to some extent 
be related to the cerebral factor, and not exclusively to the mechanical 
pressure. The persistent ductus craniopharyngeus in some cases of 
tumor of the hypophysis is evidence of a congenital anomaly of the 
sphenoid bone or of the middle fossa, as in hypertelorism, which will 
be discussed soon. From a diagnostic standpoint, it may be mentioned 
that, according to Hirsch, early temporal hemianopsia for colors was 
found in only a single case of tumor of the hypophysis with acromegaly. 

It is a matter of clinical experience that in cases of disturbances of 
the pituitary body, hypermetropia, myopia of a high degree, astigmatism 
and strabismus are of frequent occurence, indicating a congenital anom- 
aly of the eyeballs. The same holds true of arachnodactyly. 

In arachnodactyly (Marfan ™) an anomaly of the skeleton (“spider 
fingers”) and disproportion between the length of the extremities and 
the height is coupled with pronounced ocular defects (bilateral disloca- 
tion of the lens; iridodonesis; lenticular and axial myopia, as high as 
from 40 to 60 D.; miosis, and slanting of the palpebral fissure). The 
sella turcica may be reduced in size and the clinoid processes thickened 
and bridged. In Schilling’s*® case, a fast growing boy, with a height 
of 172 cm. at the age of 14, had extremely dry skin, with pronounced 
striae distensae (such as is associated with Cushing’s basophilic ade- 
noma of the anterior lobe of the pituitary), and scanty formation of 
hair on the chest and in the axillas. Later the picture of I riedreich’s 
disease developed. <A certain degree of hypertelorism and a massive 
chin were reported in several instances. In 1 of my cases, that of a 
woman aged 20, the menarche occurred late (at the age of 17) and the 
flow was scanty. The lower portions of the legs and the sacrum were 
hairy. All these signs are indicative of involvement of the middle fossa 
(including the hypophysis and the diencephalon). The lack of pupillary 
response to atropine and the miosis (Rados '*) are also suggestive of a 
disturbance of the vegetative nervous system, which may be traced hack 
to the central, diencephalic lesion. 

Important in this discussion, for many reasons, is the problem of 
retinitis pigmentosa. They may be enumerated as follows: 

A. The constant, clinical coexistence of ocular changes, obesity and 
hypogenitalism (de Schweinitz**). This holds true for all types, not 
for the well known Laurence-Biedl syndrome only. This fact, together 
with the occasional initiation or acceleration of the symptoms with 
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pregnancy (Henderson **) indicates a relationship to the ‘pituitary- 
diencephalic area. I shall come back to this point in discussing ambly- 
opia graviditatis. In the literature, onset of signs following the acute 
exanthems has been reported. This observation could be interpreted as 
a result of a concomitant encephalitic lesion, which is known to be 
commonly associated with many infectious conditions. The almost 
invariable bilaterality of the disorder is additional evidence of a central 
origin. The dorsum sellae appears to be thick and unusually steep. 
2. The association with myopia of a high degree. 


3. The occasional association with Friedreich’s disease. In this 
disease involvement of the interbrain cannot be doubted. 

4. The clinical coincidence with diencephalic signs and with bilateral 
atrophy of the optic nerve. 

5. The coexistence with painful intestinal spasms, which can be 
controlled only with the use of epinephrine, a phenomenon indicative 
of a disturbance of the sympathetic nervous system. It may be recalled 
that an important vegetative center is located in the diencephalon (Karp- 
lus and Kreidl *® and Ranson *°), 

6. The association with tabes dorsalis (Katzenstein). 

7. The association with glaucoma. 

British authors have noted that families tainted with retinitis pig- 
mentosa are surprisingly prolific. According to Nettleship*! there is 
an average of nine children to each marriage. In the light of these 
considerations, the clinician is driven to three conclusions: 

1. Retinitis pigmentosa is a congenital anomaly, as evidenced by 
heredity and the associated congenital disorders (obesity and genital 
hypoplasia in all cases ; polydactyly in cases of the Laurence-Biedl type). 
The onset of symptoms, however, is often precipitated by a factor acting 
on the central nervous system (acute exanthems). 


2. Retinitis pigmentosa may be traced back to a primary disturbance 
of the diencephalon, the retina and the optic nerve being derivatives 
of the diencephalon. It is noteworthy that the hypophysis appears to be 
developed at about the eighth week of embryonic life. At the same 
time—about the third month—the rods make their appearance. The 
rods are first involved by the disease process. At about the eighth week 
a center appears at the base of each great wing of the sphenoid bone, 
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as well as a pair of centers in the body of this bone (Morris**). A 
disturbance at this period of embryonic life could account for all the 
signs of this disease. 


3. Atrophy of the optic nerve in retinitis pigmentosa, or the “anlage” 
to the atrophy, is of central origin. Its progressive habit is in line with 
the progressive tendency of other congenital nervous anomalies, the 
optic nerve being actually not a peripheral nerve but, rather, a nerve 
tract. 

No nystagmus or sign of status dysraphicus or increased intraocular 
pressure has been noted in associstion with retinitis pigmentosa. 

As an illustration of these conclusions, a case studied at the Wren- 
tham State School and that of an older patient may be mentioned. 

A youth aged 18, a moron, had bilateral retinitis pigmentosa (or syphilitic 
chorioretinitis ?).23 There was no familial incidence of the disease. The 
Wassermann-Hinton reaction of the blood was negative. He presented obesity of 
female type and gynecomastia. The pubic hair was scanty, with a horizontal hair 
line; the arm pits and all the extremities were hairless. 

A woman aged 54 presented a virile appearance (strong chin; large toes). 
The menarche occurred late, at the age of about 17, and there was a tendency to 
obesity. Hypertrichosis was present. The patient was practically blind, as was 
her sister, due to bilateral atrophy of the optic nerve. She presented a classic 
picture of retinitis pigmentosa. 


In studying a group of about 80 children with mongolism in the 
Wrentham State School, I noted a tendency to obesity in a certain 
percentage, the distribution of the fat reminding one of the Frohlich 
type, with retarded sexual development, hyperopia or myopia of a high 
degree and sometimes strabismus. The irises were often blue. According 
to Benda,” there is ample evidence of a histologic anomaly of the pitui- 
tary body in mongolism. In line with this is the hypoplasia of the 
subthalamic region and of the corpora mamillaria observed in persons 
with mongolism by van der Scheer.*° In 1 case Greig ** noted premature 
synostosis spheno-occipitalis, and in another, a shallow sella, only 5 mm. 
in depth, the dorsum sellae being small and the posterior clinoid process 
not developed. These findings, in my opinion, indicate an anomaly of 
the middle fossa. Greig,?” however, expressed the belief “that the defects 
through the skull were coincident and proportionate, and that no area 
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seemed to present a primary disturbance.” Atrophy of the optic nerve 
has not been reported in persons with mongolism. My clinical observa- 
tions revealed signs of status dysraphicus. This is an important fact to- 
be considered in drawing further conclusions. In any case, in mongolism. 
a histologically abnormal pituitary body is associated with an under- 
developed diencephalon, with sexual retardation and with anomalies of 
the eye. 

Underdevelopment of the middle cranial fossa, together with excessive 
smallness of the greater wings of the sphenoid bone, persistence of the 
primitive craniopharyngeal duct and external bilateral squint and atrophy 
of the optic nerve are encountered in hypertelorism (Greig *7). Sexual 
development in this disease is again retarded; the “full moon” face is 
similar to that in Cushing’s cases of basophilic tumors of the hypophysis. 
The initial lesion, in contrast to that associated with mongolism, is 
limited to a small area of the cranium, involving chiefly the middle fossa. 
In comparison with the large recesses for the cerebellar lobes, the lateral 
recesses in the middle fossa appear small, although not shallow, as in 
hydrocephalus. The sella turcica is large and forms a cuplike depression. 
Each optic foramen is large and triangular. There are no signs of 
intracranial pressure. The impression is that of a localized (“segmen- 
tary’?) lesion. There are no signs of status dysraphicus, which 
apparently is not at the basis of this disease. 

Primary atrophy of the optic nerve is not unusual in cases of 
Friedreich’s disease (Guillain**). No explanation of this association 
has been given in the literature, the interest of most authors being 
centered on the congenital lesions of the spinal cord and of the cerebellum. 
In a famed case described by Friedreich ** himself, he noted diabetes 
insipidus, salivation, “unmotivated” diarrhea, sweating and palpitation— 
exactly the signs mentioned by Karplus and Kreidl?® in their experiments 
on the diencephalon. The menarche is often late, and sexual impotency 
is often reported. Impressive in some cases (in 2 of my observations) 
is the athletic musculature. The occurrence of laryngeal crises, of 
polyuria and glycosuria, of choreic, athetoid and ticlike movements 
* (noted by me) and of Torsionsspasmus and nanosomia; and, further- 
more, the adiposity and puffiness of the face, the hypoplasia and 
infantilism, as well as anatomic investigations, all furnish evidence that 
the histologic changes extend up to the fourth ventricle, to the nucleus 
ruber and the tegmentum, i. e., to the diencephalon. In 1 case (Fried- 
reich °°) a cyst was observed in the hypophysis. Ferguson and Critch- 
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ley *° compared the atrophy of the optic nerve with Leber’s hereditary 
optic nerve atrophy. It might be wiser to trace the atrophy under dis- 
cussion to a diencephalic lesion. In 4 cases of Friedreich’s disease 
studied in the Wrentham State School, the skull, particularly the fore- 
head, was very high, reminding one of oxycephaly. 


Of definite interest in arriving at a conclusion are observations on 
patients with oxycephaly (“tower skull”), a condition which is often 
associated with bilateral atrophy of the optic nerve. There is a diver- 
gence of opinion as to the origin of the atrophy, but Marchesani * 
expressed the belief that it is “primary” and not neuritic. The origin 
of this atrophy has been accounted for by pressure on the optic nerves. 
The optic foramens, however, are not narrowed, as observed at autopsy. 
As for the role of internal hydrocephalus, evidenced by markings on the 
inner table of the cranium and the occasional hypertension of the cerebro- 
spinal fluid, it should be kept in mind “that much severer cases of that 
pathological state occur in infancy and childhood without optic atrophy” 
(Wilson **). The predominant anatomic feature of oxycephaly is a 
considerable depression of the midle fossa, with the sella descending 
to the level of the cerebellar fossa (Bertolotti’s basilar lordosis). It is 
more likely that this initial dysgenesis of the sphenoid bone and of the 
sella is connected with changes in the pituitary gland and in the eyes. 
Outstanding in the clinical picture are three features: (1) bilateral 
atrophy of the optic nerve, (2) the frequent occurrence of divergent 
squint (as in hypertelorism) and (3) the occurrence of dyspituitarism, 
which in general has been disregarded in the writings of authors. In 1 
of my cases, that of a man aged 68, deposits of fat were present on the 
thighs, the lower abdominal wall and the inner aspect of both arms. 
The pelvis was large and of the female type. There was gynecomastia, 
and the limbs and chest were hairless. The pubic hair line was hori- 
zontal. In cases recorded by Kretschmer,** eunuchoidism, homosexuality 
and hypoplasia of the testes and of the genitalia were manifest. In 2 of 
my cases the chin was slightly receding and was high and strong, similar 
to the chin of acromegaly ; the incisors of the upper jaw were separated; 
the hair of the eyebrows was thick and rough, and the hair of the scalp 
was dense, thick and brittle. The underdevelopment of the sexual glands, 
the preponderance of males (all my 4 patients were males) and the 
peculiarity of the chin and hair are suggestive of a disorder of the 
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pituitary gland. Dollinger ** reported a case of oxycephaly with Froh- 
lich’s adiposogenital dystrophy. In all likelihood, the physician is 
confronted in cases of oxycephaly with a syndrome composed of changes 
in the skull, dyspituitarism and atrophy of both optic nerves. The 
anatomic changes begin at the base of the skull. There are no signs 
of status dysraphicus, so far as my personal experience goes. Clinically, 
there is no nystagmus (Brunner **), unless exceptionally, as a result 
of amblyopia. 

During pregnancy an enlargement of the hypophysis always takes 
place, and it is probable that the sudden onset of amblyopia or blindness 
(amblyopia graviditatis) observed in some instances, and relieved 
immediately after delivery (Weigelin **), is related to the hypophysis. 
Furthermore, bilateral hemianopsia has been observed. During lactation, 
amblyopia may occur. Mechanical pressure in these circumstances can- 
not be questioned. On the other hand, profound endocrine changes, 
originating probably in the pituitary body, are taking place. The sudden 
onset of visual disturbances reminds one of Schnabel’s'? comment. Many 
signs similar to acromegaly, such as coarsening of the features, a tendency 
to glycosuria and exaggerated libido, are present. In rare instances, 
recorded in the literature, attacks of glaucoma have first been observed 
during pregnancy and have ceased after delivery or soon after abortion, 
i. e., at a time when the size of the hypophysis could hardly have been 
reduced. 

In certain instances of infantile myxedema, bilateral primary atrophy 
of the optic nerve has been reported. No explanation of this has been 
found in the literature. It is noteworthy that even when the hypophysis 
is not enlarged a large number of Erdheim’s pregnancy cells can be 
demonstrated in the anterior lobe. This rather constant observation 
may call to mind the transient ocular disturbances during pregnancy 
previously mentioned. A profound endocrine imbalance is common to 
the two conditions. It might, to a certain extent, corroborate 
Schnabel’s '* suggestion of an endocrine origin of visual defects in some 
cases of pituitary disorders. In infantile myxedema there are no signs 
of increased intracranial pressure. In this condition organic involve- 
ment of the pituitary body is again associated with genital underdevelop- 
ment—a constant anatomic disorder in myxedema infantum—and with 
bilateral atrophy of the optic nerve. Many authors (Pineles **) believe 
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the disease to be a congenital disorder (thyreoplasia congenita). It is 
probable that the atrophy of the optic nerve represents a congenital 
anomaly. As the parathyroid is intact, there is no cataract, in contrast 
to tetany, with its involvement of the parathyroid and the frequent 
occurrence of lenticular disturbances. 


COMMENT 


It might be advisable to call to mind the well known signs of primary 
atrophy of the optic nerve: pallor of the disk, developing simultaneously, 
or within a short interval, in the two eyes; its progressive character, 
and the early impairment of eyesight. There is no evidence of any 
preceding inflammation (of the eyeball, the orbit, the optic nerve or the 
brain and its membranes) or of mechanical pressure. All these classic 
signs are consistent with the picture of a “central’’ congenital disturbance. 
In the conditions discussed the ocular signs coincide with (a) gross 
anatomic changes of the middle fossa, including the pituitary body and 
its surroundings (pituitary tumors, arachnoiditis interchiasmatica, oxy- 
cephaly, hypertelorism and Friedreich’s disease), and (0) functional 
disturbances of the pituitary body and the diencephalon (arachnodactyly, 
retinitis pigmentosa, myxedema infantum, pregnancy and lactation). 

Structural Changes.—As has been mentioned, it is noteworthy that no 
signs of hydrocephalus or increased pressure are evident. The changes 
are located at the junction of the notochordal and the trabecular region 
of the cranium, since in the embryo the notochord extends only as far as 
the hypophysial fossa. The development of this section of the cranium, 
especially of the sphenoid bone, is highly complicated. Membranes and 
cartilages participate in its formation. Five centers are required to form 
the anterior, or presphenoidal, portion from the original cartilage, whereas 
the postsphenoidal portion is partly of membranous and partly of car- 
tilaginous origin. Developmental disorders of this part of the skull, 
together with disorders of the nerve tissues adjoining, may easily take 
place, the skull and the central nervous system actually representing 
one unit (Erdheim **). It is not without interest that, according to 
Hochstetter,*® in early embryonic life the roof of the hypophysis and 
the floor of the interbrain are in intimate contact and that in later stages 
a connective tissue between the two can be detected. As this disturbance 
of growth concerns only the prechordal part of the cranium, only the 
nose and eyes, the telencephalon and the thalamencephalon are involved. 
This primary disorder concerns a minute, circumscribed portion of the 
floor of the cranium; the sequelae are far reaching. On the other hand, 
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under the category of “hypostosis,” according to Hess,*® are to be sum- 
marized a host of congenital anomalies, such as hydrocephalus congenitus, 
osteogenesis imperfecta, metopism, Liickenschddel (Wieland), Weich- 
schddel and Reliefschddel (M. B. Schmidt), dysostosis cleidocranialis, 
the vast group of manifestations of status dysraphicus (including spina 
bifida, syringomyelia, hydromyelia, encephalocele and myelocele), hetero- 
chromia of the iris (Hess*), cryptorchism (Hess *) and Sprengel’s 
deformity associated with defects of the spine (Dutoit *?). All these 
conditions are to be considered not as localized and confined to a small 
area, but as representing widespread involvement of the skull or of the 
entire skeleton. They are based on a metabolic disorder, consisting of 
an anomaly of the ossifying process. In none of these conditions has 
primary atrophy of the optic nerve been found, in spite of hydrocephalus. 
This confirms the statement that the primary atrophy in the group of 
diseases discussed is due to a limited congenital anomaly. The date of 
the beginning of this anomaly may be about the third month of embryonic 
life. 

Functional Signs —These may be interpreted as dependent on a dis- 
turbed function of the pituitary-diencephalic system. They exhibit a 
striking similarity to the signs noted by Karplus and Kreidl?® and 
Ranson *° after stimulation of the vegetative center on the floor of the 
brain, in the diencephalic area close to the chiasm. 

The atrophy of the optic nerve under discussion is not of inflammatory 
origin ; neither are the signs of acute glaucoma. The course of the atrophy 
is progressive and irretrievable, as congenital anomalies of the central 
nervous system commonly are. It is not primarily associated with 
nystagmus. ‘The latter, if present, is due to impairment of eyesight. 
This fact may be explained by the lack of connection of labyrinthine 
nystagmus with the forebrain. The triad—optic nerve atrophy, struc- 
tural anomalies of the middle fossa and diencephalic signs—may throw 
light on the pathogenesis of atrophy of the optic nerve in certain con- 
genital and in some acquired organic diseases, as will be shown in the 
fifth article of this series. The origin of this atrophy has been veiled 
in complete darkness. Deeper and more extensive studies are required 
to substantiate this view. It may, nevertheless, be recalled that in the 
second article ® evidence was provided for the intervention of the dien- 
cephalic area in the pathogenesis of glaucoma. The main clinical signs 
of glaucoma could be traced back to a nervous factor originating in this 
area. In the present article, various suggestions are made that a certain 
type of atrophy of the optic nerve may originate in the same locality. 

15 Kenwood Street, Brookline (46). 

40. Hess, L.: Human Biol. 18:61, 1946. 


41. Hess, L.: J. Nerv. & Ment. Dis. 97:423, 1943. 
42. Dutoit, F.: Brain 54:421, 1931. 


SENSORIAL RETINAL RELATIONSHIP IN 
CONCOMITANT STRABISMUS 


HERMANN M. BURIAN, M.D. 
BOSTON 


I. INTRODUCTION 


CORRESPONDING RETINAL ELEMENTS 
NORMAL AND ANOMALOUS RETINAL CORRESPONDENCE 


LL VITAL manifestations in man have an objective and a sub- 
jective aspect. The interrelation of these two aspects represents 
one of the most complex problems of psychophysiology and philosophy. 
But the relation is accessible to a relatively simple analytic investigation 
when it is reduced to the basic sensory phenomena, as, for instance, 
in studying the act of vision. Such studies do not require the solution 
of the general problem—if this is at all soluble by rational methods— 
but, rather, form the basis for it. 


In the act of vision the “objective sphere,” or “aspect,” consists in 
(a) the object points in space and the wavelengths emitted or reflected 
by them (visual stimuli) and (b) the geometric optic properties of the 
refractive media of the eye, which determine the place and character of 
the dioptric image on the retina, and, furthermore, (c) the anatomic 
and physiologic properties of both the structures sensitive to light in 
the eye and the nerve pathways and centers involved (peripheral and 
central part of the visual apparatus). The “‘subjective sphere” is 
represented by the perception of light, color and form and by the sub- 
jective localization of objects. 


The visual apparatus is not a receptor organ in a purely passive 
sense ; it is an instrument which actively transforms the objective world 
of visual stimuli into man’s subjective world of color, form and spatial 
distribution. 

It would eliminate confusion in the terminology of physiologic optics 
if consistent distinction were made between the subjective and the 
objective sphere in the act of vision. But such a distinction exists only 
in part. It is obvious to any one that the terms wavelength and color 
are not interchangeable, but in the field of space sense there is no 
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unequivocal terminological differentiation between the objective and the 
subjective visual space.’ 

It is, therefore, doubly necessary to achieve a clear understanding 
of the fact that the objective and subjective spheres are incommensurate. 
There is no yardstick for the subjective sphere, and the measurements. 
which one is able to make in the objective sphere are not directly 
applicable to the subjective sphere. However, there is a constant rela- 
tion between the two, and, although its exact nature is not known, 
the fact that this constant relation exists makes it possible to characterize 
quantitatively man’s subjective world by observing the changes which 
it undergoes under the influence of measurable changes in the objective 
world.” 

In this way it has been established that there are certain constant 
discrepancies between the objective and the subjective visual space. It 
is known, for instance, that a plumb line seen monocularly to the exclu- 
sion of all other visual objects in the field of view appears to most 
observers to be tipped templeward with its upper end. It is known, 
furthermore, that all observers make a constant error in attempting to 
divide a monocularly seen straight line when nothing but the line is. 
visible to the observer (Kundt-Munsterberg partition experiment). 
These and other discrepancies are due to a peculiar distribution of the 
retinal elements, or, rather, their spatial values. 

The difference between the objective and the subjective visual space 
is most vividly demonstrated when one examines the subjective localiza- 
tion in binocular vision. By simplifying the visual space for the pur- 
poses of the experiment and by excluding all accessory clues for spatial 
localization,® it can easily be shown that the objective position of points 


1. The good German writers make such a differentiation. They distinguish, 
for instance, between Gesichtsraum, Gesichtsfeld, Aussenobjekt or Gesichtsobjekt, 
Fixationspunkt and Léngshoropter, on the one hand, and Sehraum, Sehfeld,. 
Sehding, Anschauungsbild, Kernstelle and Kernfléche, on the other. The first 
group refers to the objective space; the second, to the subjective space. Tschermak- 
Seysenegg; A: Optischer Raumsinn, in Bethe, A.; von Bergmann, G.; Emden, G.,. 
and Ellinger, A.: Handbuch der normalen und pathologischen Physiologie,. 
Berlin, Julius Springer, 1931, vol. 12, pt. 2, p. 893. 

2. Tschermak-Seysenegg, A.: Der exakte Subjektivismus in der neueren 
Sinnesphysiologie, Arch. f. d. ges. Physiol. 188:1, 1921. 

3. Physiologic, as well as clinical, experience has shown beyond any doubt 
that the basis of binocular vision—the identity of the visual direction of corre- 
sponding points and stereoscopic depth perception based on the simultaneous. 
stimulation of horizontally disparate retinal elements—is an innate factor. There 
are, however, numerous ocular factors (such as all perspective clues and form 
clues), as well as extraocular ones (such as tactile and proprioceptive clues 
derived from the position and movement of the body), which materially influence: 
spatial orientation under ordinary conditions of seeing. These factors are sum- 


(Footnote continued on next page) 
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in space does not coincide with the localization which is subjectively 
attributed to them. 

Assume that a normal subject fixates binocularly the object point F 
and that there are two other object points, A, and Ap, in his field of 
view (fig. 1.4). Suitable screens are so arranged that he sees 4, only 
with the left eye and Ap only with the right eye. As long as the subject 
‘continues to fixate F, he will see the object points A, and Ap behind each 
other in the direction indicated by the arrow ¢. Analogously, the object 
‘points By and Bz (fig. 1 B) will appear behind each other in the direc- 

F / 


Fig. 1—The lines of direction and the visual directions. Ff. and Ffe are 
‘lines of direction of the foveas fi. and fr; Buibt and Brbr, lines of direction of the 
retinal elements bi and bre; ¢ and 8, common visual directions of the foveas f1 and 
fe and the retinal elements b;, and bg. In A, the object points F, Ax, and Ar 
appear to lie behind each other in the direction ¢; in B, the points Bx. and Ar 
behind each other in the direction B. 


tion B as long as the subject fixates the point F, which continues to 
appear in the direction ¢. Thus, the subjective localization of the points 
A,, Ar, By and Bg is at variance with their objective position. The 


marized under the heading of “empiric factors of spatial orientation,” since they 
are acquired through experience in the subject’s life. The latter factors gen- 
erally have to be excluded in experiments concerned with binocular spatial 
localization. The relationship between the two groups of factors is discussed 
by H. M. Burian: (Influence of Prolonged Wearing of Meridional Size Lenses 
on Spatial Localization, Arch. Ophth. 30:645 [Nov.] 1943. See also Tschermak- 
Seysenegg 1 and Fleischer, E.: Die Querdisparation als physiologische Grundlage 
.des binokularen Tiefensehens, Ztschr. f. Psychol. 47:65, 1939). 
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pairs of points indicated by the same letter appear to lie in the same 
direction, although they are widely separated in space. How can this 
discrepancy be explained? 

The lines which connect in a geometric construction the object 
points with the retffal elements on which they are imaged are called 
the “lines of direction.” Their position is determined by the geometric 
optical properties of the media through which the rays of light emitted 
or reflected by the object points pass before reaching the sensory 
epithelium of the retina. The lines of direction belong to the objective 
sphere, and they determine only which retinal element will be stimulated 
by the object point. The position or localization of the subjective 
correlative of that point in the subjective space, that is, where it will 
be seen, is determined by another, a subjective factor, designated as 
the “spatial value” of the stimulated retinal element.* This spatial value 
manifests itself in the direction in which the point appears in subjective 
space; each retinal element possesses a certain ‘‘visual direction,” in 
which the stimulus which reaches the retinal element is localized. The 
objective lines of direction thus have their subjective correlative in the 
visual direction.® 

The line of direction which connects the fixation point with the fovea 
is of special importance. It is the “principal line of direction,” the 
“visual line” or “‘the line of gaze.”’® The visual direction of the fovea 
is also of particular significance; it is the “principal visual direction.” 
It must be emphasized that the visual directions are not absolute direc- 
tions ; they change with the position of the eye, but their relation to the 
principal visual direction remains the same. 

The spatial values are inherent in each retinal element, owing to 
the anatomically fixed nervous connections with the cortex of the brain, 
in which all elements of the retinal mosaic are represented in analogous 
distribution.*. But the directional spatial values make sense only so far 


4. The terms “retinal element” and “retinal point” are used throughout this 
article in the sense defined by C. S. Sherrington (The Integrative Action of the 
‘Nervous System, New Haven, Conn., Yale University Press, 1906, p. 377) as 
“the retinocerebral apparatus engaged in elaborating a sensation in response to 
excitation of a unit area of retinal surface.” Similarly, “retina” is the integral 
of these unit areas. 

5. The two are not synonymous, and the visual directions as such are inde- 
pendent of the lines of direction. This is evidenced by the fact that localized. 
mechanical or electrical stimulation of retinal elements causes the appearance 
of a phosphen in the very same direction in which an object causing optical 
stimulation of the same retinal elements would be localized. In the case of 
mechanical or electrical stimulation, there are, of course, no lines of direction. 

6. With regard to this terminology, see Lancaster, W. B.: Terminology in 
Ocular Motility and Allied Subjects, Am. J. Ophth. 26:122, 1943. 

7. Certain restrictions applying to this statement will be made later. 
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as they are related to the visual direction of the fovea. They are, there- 
fore, designated as “relative directional spatial values.” 


In figure 1, the lines of direction are indicated by solid lines; the 
visual directions, by arrows. Ff, and Ffp are the lines of direction 
of the foveas ; Bib, and Brbr, the lines of direction of the retinal elements 
by and bg. ¢ is the visual direction of the foveas ; and since A, and Ap 
are also situated on the lines of direction of the foveas and therefore 
imaged on them, they are subjectively localized in the principal (foveal) 
direction. Similar considerations apply to the subjective directional 
localization of the object points By, and Br, which have the same 
relative distribution * and stimulate the retinal elements 5; and by. The 
subjective direction in which the object points A, Apr, Bu Br appear 
is determined by the relative directional spatial values inherent in the 
retinal elements. 


It is evident from figure 1 that certain elements of the two retinas 
have one and the same spatial value or visual direction. The points 
A, and Ag will appear in the same subjective direction, ¢, no matter 
whether they are objectively situated on the visual line of the left or 
of the right eye, and a similar deduction applies to all other points in 
space. This fact is the most basic principle in the physiology of binocular 
vision and is known as the “law of the common visual direction.” * 


The retinal elements which have common visual directions are “corre- 
sponding retinal elements.” This is the only adequate definition of 
corresponding retinal elements *° and satisfies all needs. It can also be 


8. The lines of direction pertaining to the points B: and Br subtend the same 
angles at the nodal point of the left and the right eye, respectively. 

9. Hering, E.: (a) Zur Lehre vom Ortssinn der Netzhaut, Beitrage zur 
Physiologie, Leipzig, Wilhelm Engelmann, 1861, book 1; (b) Das Gesetz der 
identischen Sehrichtungen, Arch. f. Anat., Physiol. u. wissensch. Med., 1864, p. 27; 
(c) Der Raumsinn und die Bewegungen des Auges, in von Hermann, L.: 
Handbuch der Physiologie, Leipzig, F. C. W. Vogel, 1879, vol. 3, chap. 5. 
(d) Hillebrand, F.: Die Heterophorie und das Gesetz der identischen Sehrich- 
tungen, Ztschr. f. Psychol. u. Physiol. d. Sinnesorg. 54:1, 1909. (e) Tschermak- 
Seysenegg.! 

10. The concept of corresponding retinal elements has caused a great deal of 
confusion. F. H. Verhoeff (Anomalous Projection and Other Visual Phenomena 
Associated with Strabismus, Arch. Ophth. 19:663 [May] 1938) stressed this 
and offered a new definition of corresponding retinal points. I find myself in 
disagreement both with the basic assumption and with many details of Verhoeff’s 
paper and feel that, in view of the great authority which every article by this 
distinguished writer carries, a documented dissenting opinion should be voiced 
for the benefit of those who are less acquainted with the subject. 


However, since this paper is not primarily a controversial one, but intends 
to bring a constructive contribution to the knowledge of the sensorial retinal 
relationship in pathologic conditions, the discussion of Verhoeff’s views will be 
postponed until the end of this paper. 
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formulated in the following way: Corresponding retinal elements are 
those elements of the two retinas the stimulation of which, in binocular 
vision, gives rise to the localization in one and the same visual direction, 
no matter whether the stimulus reaches the retinal elements in one eye 
alone or the corresponding elements in the other eye alone or both 
simultaneously. 

For certain purposes it is expedient to add other characteristics to 
the definition of corresponding retinal elements, such as their distribu- 
tion. If one performs a mental experiment and superimposes the right 
on the left retina so that the two foveas and the principal meridians 
coincide, a pin stuck into any part of the retinas which cover each 
other will strike corresponding retinal elements. Generally speaking, 
corresponding retinal elements have the same relative position with 
respect to the fovea." However, this is only a secondary property of 
the corresponding retinal elements; it is not essential and only approxi- 
mately true. 

Neither should the definition be based on the fact that the simul- 
taneous stimulation of corresponding retinal elements conveys a single 
visual impression. The corresponding points share this property to 
some extent with the so-called noncorresponding, or disparate, retinal 
elements.'* The only quality which is proper to the corresponding retinal 
elements, and only to them, is the common visual direction. 

It is a consequence of the existence of corresponding retinal elements 
that the two eyes of a normal person must be considered a single organ 
from a subjective sensorial point of view. The imaginary third eye 
shown in figure 1, which contains the visual directions of the corre- 
sponding retinal elements and their intersection,1* represents this 


11. von Helmholtz, H.: Helmholtz’s Treatise on Physiological Optics, edited 
by J. P. C. Southall, Ithaca, N. Y., The Optical Society of America, 1925, 
vol. 3, p. 417. It is assumed in this gross mental experiment that the spatial 
values are uniformly distributed in the two retinas. This is not the case, and 
the position of the corresponding points can be determined only by subjective 
criteria (cf. Hofmann, F. B.: Die Lehre vom Raumsinn, in Graefe, A., and 
Saemisch, T.: Handbuch der gesamten Augenheilkunde, Leipzig, Wilhelm 
Engelmann, 1925, vol. 3, pt. 2, chap. 13, p. 218). 

12. A single visual impression is obtained also by simultaneous stimulation 
of noncorresponding retinal elements which lie within the so-called Panum areas, 
and stereoscopic single vision is possible altogether only on the basis of simul- 
taneous stimulation of horizontally disparate retinal elements. 

13. Experiment has shown that the center of the visual directions is not always 
in the median plane of the observer’s head; it may be shifted toward one eye or 
the other. This was already known to Hering, and it is unquestionably of a 
certain practical importance but is not of further concern in this paper. However, 
it is of interest to note it here in passing, because in the case of a shift of the 
center of the visual directions toward one eye or the other, not even the fixation 
point F would coincide with its subjective correlative (the Kernstelle, in Hering’s 
terminology ). 
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“cyclopean eye,” which is the subjective correlative of the two objective 
eyes. But it must always be borne in mind that both the visual direc- 
tions and “the cyclopean eye” are nothing but the description of a 
subjective experience.** 


It has been emphasized that the visual directions represent relative 
spatial values. The secondary visual directions have a fixed position 
only relative to the principal visual direction. The principal visual 
direction has no absolute position relative to the coordinates of the 
subjective space or to the subjective coordinates of the observer’s head. 
The absolute position of the principal visual line changes with the 
position of the eyes. The “absolute,” or “egocentric, spatial localiza- 
tion,” which is clinically investigated, for instance, by the pointing 
experiment in cases of paralyses of the ocular muscles, must be clearly 
distinguished from the relative spatial localization. It will be seen 
in later sections of this paper that much of the confusion existing in 
the literature on anomalous retinal correspondence is caused by the 
fact that this distinction is not clearly understood. 


In defining corresponding retinal elements, one has at the same time 
defined “normal retinal correspondence”; one has only to change the 
wording and to state that the sensorial retinal relationship, or the 
retinal correspondence, is normal if the retinal elements which should 
be corresponding, such as the two foveas, have common visual direc- 
tions.'® From this definition of normal retinal correspondence one can 
derive logically a definition of “anomalous retinal correspondence.” If 
elements of the two retinas which are de norma noncorresponding or 
disparate—for instance, the fovea of one eye and an eccentric retinal 
element of the other eye—acquire a common visual direction, this new 
sensorial relationship is termed anomalous. 


14. Hofmann, on page 236 of his monograph,'! expressed this idea clearly 
in the following passage: “The fact must be emphasized that the theory of the 
visual directions is not to be understood as though the retinal images were 
‘projected outward’ from the median imaginary eye along the visual directions 
instead of from each individual eye along the lines of direction. This opinion, 
like the projection theory in general, is derived from the false assumption that 
the retinal images are first presented to the mind and that subsequently one 
must somehow have transposed them into space. Indeed, most people have no 
inkling of their existence but are aware only of the sensation in the subjective 
visual space. The visual directions are only a subsequent intellectual reconstruction 
of this immediate experience.” 

15. The definition of normal correspondence requires, however, the added 
qualification that the simultaneous stimulation of the corresponding retinal elements 
must convey a single visual impression which is not accessible to further analysis. 
This was pointed out in a previous paper (Burian, H. M.: Fusional Movements 
in Permanent Strabismus: A Study of the Role of the Central and Peripheral 
Retinal Regions in the Act of Binocular Vision in Squint, Arch. Ophth. 26:626 
[Oct.] 1941). 
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Before showing that the condition of anomalous retinal correspon- 
dence is not merely a logical deduction and that the definition given is 
supported amply by clinical evidence, one must first review the methods 
in use for the clinical determination of the sensorial retinal relationship. 
It is of importance for the interpretation of the results to have a 
thorough understanding of these methods, because, as will be seen later, 
the results of the examination depend largely on the conditions under 
which the examination is performed. 


II. METHODS USED IN THE CLINICAL DETERMINATION 
OF THE SENSORIAL RETINAL RELATIONSHIP 

Ingenious laboratory methods have been devised for the determina- 
tion of the distribution of corresponding elements in the retinas of 
normal persons. ‘These methods, however, are not applied routinely 
in clinical examinations and are not of concern in this paper. 

The methods employed for the clinical determination of the retinal 
correspondence can be divided into two groups. The first group com- 
prises the methods in which the objective position of the eyes, the 
angle of squint, is compared (a) with the subjective directional localiza- 
tion of a biretinal stimulation or (b) with the angle at which the patient 
superimposes or fuses dissimilar visual impressions reaching the two 
retinas. In the second group the subjective visual direction, or direc- 
tions, of the two foveas are determined directly. These methods will 
now be discussed in some detail. 


1, METHODS COMPARING THE POSITION OF THE EYES WITH THE 
SUBJECTIVE LOCALIZATION 


Double Image Test—The images of all object points seen through a 
prism are shifted on the retina in the direction of the base of the prism. 
Assume that a prism too strong to cause fusional movements is placed with 
the base nasalward in front of the right eye of an observer who at first 
fixates binocularly the object point F (fig. 2A). The image of the fixation 
point F, which previous to the introduction of the prism impinged on the 
right fovea fx, is now shifted to the nasal retinal point /,; there is an 
object point P, which was originally imaged on the temporal retinal 
element pr and is now imaged on the fovea fr. However, no change 
has occurred in the position of the images of the left eye; the fixation 
point F is still imaged on the fovea f,, and the object point P, on the 
nasal retinal element p,. Nor has the sensorial retinal relationship been 
altered by the introduction of the prism, and the law of the common 
visual directions still applies. Therefore, since F is imaged on the 
left fovea and P on the right fovea, both points must appear in the 
visual direction ¢ of the foveas. On the other hand, the fixation point 
F is imaged on the fovea of the left retina and on an eccentric element 
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of the right retina. These elements of the two retinas are disparate and 
thus have different visual directions. Therefore, the point F must be 
localized in two directions in the subjective space. Analogous deduc- 
tions apply to all other object points ; none of them is imaged on corre- 
sponding points, and consequently they must all be represented by two 
sensations in the subjective space; indeed, all object points seen by the 
observer will appear to him to be double. 

If the observer pays close attention to the double images, or if 
the stimuli reaching the two eyes are in some way differentiated, it will 
be possible for the observer to give exact information as to the position 
and distance of the double images. If the prism is placed with its base 
nasalward, as shown in figure 2 A, the double images will be displaced 
toward the eye which has the prism in front of it. This condition is 


TANGENT SCREEN“ SCREEN 
| IMAGE SEEN IMAGE SEEN 
BY RIGHT EYE BY RIGHT EYE 
FOATION FIXATION 
UGHT UGHT 


Fig. 2.—Diplopia produced by prisms. A, prisms with base placed nasalward 
in front of the right eye (uncrossed diplopia) ; B, prism with base templeward in 
front of the right eye (crossed diplopia). 


designated as “homonymous, or uncrossed, diplopia.” If a prism with 
its base templeward is introduced in front of one eye (fig. 2B), the 
fixation point, together with all other object points, is shifted toward 
the temporal side in that eye. The condition thus created is in every 
respect analogous to the one which is produced by the introduction of 
a prism with the base in the nasal direction, but the sign is opposite. 
The double images are displaced in the direction of the contralateral 
eye, i.e., a “heteronymous, or crossed, diplopia” will occur. 

In addition to the position of the double images, their separation 
from each other is also characteristic. The relation of the common 
visual directions of the eccentric retinal elements to the visual direction 
of the foveas is a quantitative one. If the strength of the prism chosen 
for the experiment is such that it displaces the images in one eye 10 
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arc degrees, the double images will appear to be 10 arc degrees apart. 
In other words, the distance of the double images, measured in arc 
degrees or prism diopters, is equal to the strength of the prism; the 
distance of the double images is a measure of the introduced prism 
strength. 

This is true not only for prisms placed horizontally in front of an 
eye, but also for those placed in a vertical position. The double images 
will appear above and below each other, and their angular separation 
is always equal to the prism strength. 
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Fig. 3—Diplopia in strabismus with normal correspondence. A, uncrossed 
diplopia in convergent strabismus; B, crossed diplopia in divergent strabismus. 


A patient with convergent or divergent strabismus whose retinal 
relationship is normal reacts in no way differently from the normal 
observer who has a horizontal prism in front of one eye except that 
he is usually not aware of diplopia because of suppression. Assume 
that the left eye is turned in 10 arc degrees when the right eye fixates 
the object point F (fig. 3A). The image of the fixation point then 
falls on an eccentric nasal point of the left retina, the distance of which 
from the fovea is 10 arc degrees. The result is that point F appears 
in two directions in the subjective space, namely, in the directions of 
@and A. The angular separation of the double images is 10 are degrees, 
and the image seen with the left eye is to the left of the one seen by 


the right eve (uncrossed diplopia). 
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If the patient has a divergent stabismus of 10 are degrees in the 
left eye (fig. 3B), object point F appears in the subjective visual 
directions ¢ and A, and the double images are again separated by 10 
arc degrees; but this time the image seen by the left eye is to the 
right of that seen by the right eye (crossed diplopia). 

When the retinal correspondence of a squinting patient is disturbed, 
he will no longer localize the double images as would a normal observer 
who has a prism in front of one eye. The distance of the double 
images, as seen by the patient, will be smaller than would be expected 
from the objective determination of the angle of squint, and he may 
even show heteronymous, instead of homonymous, diplopia and vice 
versa. 


Normally, the two foveas have one and the same visual direction. 
In anomalous correspondence the visual directions of the deviated eye 
are shifted in such a way—relative to the visual directions of the fixating 
eye—that the fovea of that eye has a common visual direction with an 
eccentric retinal element of the other eye. Thus the two foveas now 
have two visual directions and the angle between the two is called the 
“angle of anomaly,” or “angle of adaptation” (Chavasse). This angle 
is indirectly determined in the double image test and on the synoptophore, 
or directly in Lancaster’s red-green test, or in a more perfect way in the 
after-image test. 

By comparing the objectively measured angle of squint with the 
angular distance of the double images, one can form a judgment about 
the sensorial retinal relationship in a patient with strabismus. If the 
angle of squint is 10 are degrees and the double images have an angular 
distance of 10 are degrees, the angle of anomaly is zero, and the 
retinal correspondence is normal. If the angle of squint is 10 are degrees 
and the double images coincide (angular distance, zero), the angle of 
anomaly is also 10 arc degrees, and there is anomalous correspondence 
adapted to the angle of squint. If the angle of squint is 10 are degrees 
but the angular distance of the double images is only 5 are degrees 
(angle of anomaly, 5 arc degrees) then there is an anomalous corre- 
spondence which is not adapted to the angle of squint.*® 


16. Tschermak-Seysenegg ! has divided on this basis all patients with concomi- 
tant squint into the following three groups: groupI: patients who have a motor 
anomaly (strabismus) but whose sensorial relationship is normal; group II: patients 
with a motor anomaly and a harmonious (fully adapted) sensorial anomaly; 
group III: patients with a motor anomaly and a nonharmonious (subharmonious, 
Chavasse) sensorial anomaly. This classification is convenient and is recommended 
for general use. It is obvious that a patient may not at all times belong to the 
same category. He may have originally belonged to group II or III but may have 
been changed to group I by orthoptic treatment. Or he may have belonged to group 
II and have been operated on; immediately after the operation he may belong to 
group III. 
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Many different possibilities of anomalous localization of the double 
images do actually occur. I shall describe now only one instructive 
example, to which considerable attention will be given in a subsequent 
part of this paper. This is the case in which the angle of anomaly 
is equal to the angle of squint, i.e., the case in which the retinal. corre- 
spondence is fully adapted to the angle of squint. If a patient hasa . 
convergent strabismus of the right eye of 15 arc degrees (fig. 4.4), one 
expects to find that he will see uncrossed a double image the angular 
separation of which is 15 are degrees. However, on examination, one 
may find that the patient does not see double and that the two differen- 
tiated images of the fixation point F coincide in his subjective space, 
although the right eye is deviated. What has happened? The two 
foveas no longer have a visual direction in common. The sensorial 
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Fig. 4+—Convergent strabismus of the right eye. A, uncrossed diplopia in 
normal correspondence; B, no diplopia in harmonious anomalous correspondence ; 
C, postoperative crossed diplopia due to persistence of anomalous retinal correspon- 
dence. 


relationship of the two retinas has adapted itself to the altered mechan- 
ical conditions, and the fovea of the left eye has acquired a common 
visual direction with that of the eccentric point Jp, situated 15 arc degrees 
to the nasal side of the right fovea (fig. 4B). These disparate elements 
of the two retinas now have an anomalous common visual direction, 
and the object points F and P are therefore localized in the common 
visual direction ¢ in the subjective space. The angle of anomaly (i.e., 
the angle between the visual directions of the two foveas) is 15 arc 
degrees. 


If the patient were operated on and the angle of squint were reduced 
to zero, the patient would at first—and often for a long time after the 
operation—retain his sensorial anomaly; that is to say, he would still 
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show an angle of 15 degrees between the visual directions of the two 
foveas. As a result, he would then show diplopia in the double image 
test, although the visual lines of the two eyes intersect at the fixation 
point. The double image would be localized in a crossed position, at an 
angular distance of 15 arc degrees from the fixation light (fig. 4 C).2" 

The practical application of the double image test is simple, and the 
test can be performed with means easily accessible to every ophthal- 
mologist. All one needs is a tangent scale or tangent screen with a 
light in its center and a loose red filter or a Maddox rod. The test is 
performed in a lighted room, in order to permit observation of the 
patient’s eyes. 

After the patient’s angle of squint has been objectively determined, 
he is seated at a suitable distance (not less than 2.5 meters) in front of 
the center of the tangent scale and is asked to fixate the light. A red 
filter is then placed in front of one of the patient’s eyes. The other eye 
sees the yellow fixation light and the numbers on the tangent scale; as 
a rule this eye is used for fixation. A patient who has strabismus, or 
for that matter heterophoria, now usually sees two lights, a red one and 
a yellow one, and he is asked whether the red light is to the left or to 
the right, whether it is above, below or on a level with the yellow light 
and near which number or numbers it is located. Knowing the type and 
~ amount of the patient’s strabismus, one also knows what answer one 
must expect if his retinal correspondence is normal. If the answer 
differs from the one expected, the patient’s retinal correspondence is 
usually anomalous. 

The test can be performed successfully on children of average intelli- 
gence as young as 3 years of age. But for all its simplicity of execution, 
the double image test requires a certain amount of experience if errors 
are to be avoided and if difficulties, which arise frequently, are to be 
overcome. 

The red filter must be sufficiently dark to eliminate from the field of 
view everything except the fixation light, which appears as a red spot. 
This is essential ; the double image test is designed on the basis of com- 
plete dissociation of the two eyes, and this is not achieved if the covered 
eye can faintly see the scale or other objects through the filter. 

The test is facilitated greatly if it is begun by covering alternately 
first one eye of the patient and then the other, showing him that he sees 
with one eye the fixation light and the scale and with the other a red 
spot of light. Then, when both eyes are uncovered, the patient is more 
likely to be aware of the double images. It is frequently difficult to 
elicit double images in testing patients with strabismus because of their 


17. This postoperative crossed diplopia was observed early in the study of cases 
of strabismus and was designated as paradoxic diplopia. 
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tendency to suppress the images of the deviated eye, especially in the 
presence of pronounced amblyopia. However, it is almost always pos- 
sible to make the patient conscious of the double images if the test is 
applied with sufficient patience and some skill. One should never be 
satisfied with a double image test in which only one eye is covered by 
the red filter. One should always attempt to perform the test by cov- 
ering first one eye and then the other and comparing the answers 
received. These answers are not always identical. Frequently one finds 
a so-called “dissociated vertical divergence” combined with a strabis- 
mus.'* This condition is characterized by an upward movement of the 
covered, darkened eye and is expressed in the double image test in the 
apparently contradictory finding that there seems to be a right hyper- 
phoria when the right eye is covered and a left hyperphoria when the 
left eye is covered. A small dissociated vertical divergence often escapes 
notice in the cover test, and the only certain way in which it can be 
detected is by a properly executed double image test. Another reason 
for covering the two eyes alternately with the red filter is the interesting 
fact that the retinal correspondence may vary according to which eye is 
used for fixation; this will be discussed in more detail in a later part of 
this paper. Finally, if the double image test is used in a case of recent 
paralytic strabismus, the difference in localization when the eyes are 
covered alternately is an indication of the difference between the primary 
and the secondary angle of squint. 

In making the double image test, the red glass should always be 
placed first in front of the eye which the patient uses habitually for fixa- 
tion. In virtually all cases of strabismus there is some degree of sup- 
pression ; by dimming first the image of the dominant eye, it is easier to’ 
elicit double images and to teach the patient what he is supposed to see. 
Even when this precaution is used, it is not always possible to obtain 
double images. One frequently has to resort to a simple device which 
never fails in the end to give the desired result. By placing together 
with the red filter a prism of 5, 10 or 154 base up or base down in front 
of one eye, the image is displaced to a peripheral region where the sup- 
pression is not very strong. The patient will immediately and precisely 
report the position of the double image. In evaluating the result of the 
test, the fact that a prism was introduced must, of course, be taken into 
account. 

If one eye is highly amblyopic, the patient may be unable to perceive 
the faint red image of the fixation light as seen through the filter. In 
such cases one has either to choose a lighter red filter or be satisfied 


18. Micbochaweley, A.: Disturbances of the Vertical Motor Muscles of the 
Eyes, Arch. Ophth. 20:175 (Aug.) 1938. 
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with the result obtained in the first half of the test, when the normal eye 
was covered. 

Another difficulty which may occasionally arise is due to the inability 
of patients with anomalous correspondence to localize the position of the 
double image relative to the central light of the scale. They see both 
lights and see them simultaneously, but they are unable to tell anything 
about the localization of the double image ; they may not even be able to 
state whethér the red light is to the right or to the left of the white light 
or whether they are 2 feet or 1 inch (60 or 2.5 cm.) apart. This 
happens only when the retinal correspondence is anomalous; theo- 
retically, cases of this kind are of importance and will be discussed later. 
Practically, one may be satisfied with the statement that the patient 
shows anomalous correspondence in the double image test. If a quanti- 
tative determination of the angle of anomaly is desired, it can in the end 
be obtained even in these cases if the examiner has sufficient patience 
and repeats the test often enough. Vertical prisms are again helpful, 
just as in the presence of marked suppression. 

It is always necessary to make sure by questioning the patient 
whether or not he sees the two lights simultaneously. Certain patients 
have a capacity for very rapid alternation and may report that the red 
and the white light coincide, from which one would conclude that there 
is an anomalous correspondence adapted to the angle of squint. Unless 
one has made sure that the patient sees the two lights simultaneously, 
one cannot rely on this conclusion. 

Even when it seems beyond doubt that the patient’s reports are 
reliable, it is often advisable to verify the findings by adding prisms 
successively in the four cardinal directions and to check the patient’s 
answers by the prism displacement. This is useful when one is examin- 
ing small children. Such children, especially those of preschool age, 
should not be asked to tell where they see the red light, but should be 
invited to go to the scale and put their finger on the place where they 
saw the red light. 

Prisms must also be used in the double image test to offset part of 
the angle of squint if the angle is very large. But it is not advisable to 
correct the angle fully. In this event there would be a simultaneous 
stimulation of both foveas, and this results at times in a different localiza- 
tion than when one fovea and a peripheral element of the retina of the 
other eye are stimulated,’® which is the way in which the eyes of a 


19. Burian.15 Since publishing this paper, I have found that von Graefe made 
the same observation as early as 1855. He reported it in his masterly way and 
interpreted it correctly (von Graefe, A.: Ueber eigenthiimliche, zur Zeit noch 
unerklarliche Anomalien in der Projektion der Netzhautbilder, Arch. f. Ophth. 
1:284, 1855). A man with a small residue of convergent strabismus after operation 
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squinting patient are used under normal conditions. However, if it is 
desired to investigate the response of the two foveas to simultaneous 
stimulation, for instance, previous to operation, this can easily be done 
by reducing the angle of squint to zero with the help of prisms and 
repeating the double image test. 

This test reveals whether a patient uses normal or anomalous retinal 
correspondence, but it also offers an opportunity for a quantitative deter- 
mination of the angle of anomaly. One must, however, recognize the 
fact that the accuracy of the method is limited by the relatively low 
degree of accuracy inherent in all measurements for strabismus. The 
angle of squint is subject to fluctuations and may vary while the double 
image test is performed. One would, therefore, not be justified in saying 
that a patient has anomalous correspondence because the angle of squint 
measured objectively was 16 arc degrees and the angle of anomaly was 
14 are degrees. These differences will naturally be less apparent if the 
angle of squint is large, but they may become very noticeable if the 
angle of squint is small. If the discrepancies are considerable, it is 
advisable to redetermine the angle of squint objectively. 

In general—and this applies to all objective and subjective tests for 
strabismus—one should never satisfy oneself with a single test. Each 
test should be repeated two or three times successively and rechecked at 
different times. Only thus can one obtain reliable information about the 
motor and sensorial conditions in a case of strabismus. Not only is the 
angle of squint subject to certain changes; the anomaly of the retinal 
correspondence is by no means a fixed and unchangeable one. To be 
sure, in some instances it is deeply rooted and remains exactly the same 
over a period of years of observation. In others it is not so firmly estab- 
lished and is then subject to frequent changes. To ascertain this fact 
is in itself of importance for the prognosis in the individual case. 


Modifications of the Double Image Test.—Modifications of the 
double image test have been devised. One of them is Lancaster’s red- 
green test.*° In this test there is no central fixation light on the tangent 
screen. The patient wears red-green spectacles—red on the right eye 
and green on the left eye. With a red and a green flashlight projector, 
red or green spots or lines can be thrown on any desired place on the 
screen. If the patient is to fixate with the right eye, the examiner 
handles the red projector, and the patient handles the green projector ; 
if the patient is to fixate with the left eye, patient and examiner exchange 


showed slightly uncrossed diplopia when fixating with that eye. When the angle 
of squint was compensated for by prisms, there suddenly was crossed diplopia with 
considerable distance between the double images. No change in the position of the 
eyes accompanied the sensorial change. 

20. Lancaster, W. B.: Detecting, Measuring, Plotting and Interpreting Ocular 
Deviations, Arch.Ophth. 22:867 (Nov.) 1939. 
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flashlights. The examiner throws the red or green light on the chosen 
place on the screen, and the patient moves his flashlight until the red 
and green lights appear to him to be superimposed on the tangent 
screen. From the objective position of the lights on the screen—and 
knowing the objective position of the patient’s eyes—the examiner can 
conclude what his retinal correspondence is. 

The basic difference between the double image test as previously 
described and the red-green test is that in the former only one stimulus 
is in the field of vision of the two eyes, while in the latter a stimulus is 
presented to each eye; in the double image test the patient has to localize 
the double images resulting from the simultaneous stimulation of one 
fovea and an eccentric element of the retina of the other eye; in the 
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Fig. 5—Diagrammatic comparison of the double image test with Lancaster’s 
red-green test in a case of convergent strabismus of the right eye with normal 
retinal correspondence. In the double image test, the fixation light is imaged 
on the fovea of the fixating eye and a peripheral element of the deviated eye; 
result: uncrossed diplopia. In Lancaster’s test, each test line is brought onto the 
fovea of the eye with which it is seen; result: crossed position of the test lines. 


red-green test the patient must superimpose subjectively the visual 
impressions reaching simultaneously the two foveas. When this is 
achieved, the position of the lights on the screen indicates directly the 
lines of direction of the two foveas as long as the correspondence is 
normal. Thus, the transposition of the findings, which is necessary in 
the double image test and which may appear tricky to the beginner, is 
avoided in the red-green test (fig. 5). However, if the sensorial retinal 
relationship is anomalous, the position of the lights on the screen no 
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longer indicates the angle between the lines of direction of the foveas 
(the objective position of the eyes), but indicates the angle between the 
subjective visual directions of the two foveas (the subjective angle of 
anomaly ). 


The red-green test has one advantage over the double image test in 
the examination for concomitant strabismus, and that is its flexibility. 
If the examiner foregoes the advantage of avoiding the transposition and 
handles both projectors himself, he can stimulate simultaneously any 
desired part of the two retinas. He can then determine the retinal corre- 
spondence while stimulating the fovea of the fixating eye and an eccentric 
element of the deviated eye (both lights superimposed on the zero of 
the scale) or while stimulating both foveas (lights displaced on the 
screen according to the angle of squint), without resorting to the use of 
prisms. He must, however, constantly be on guard that the patient 
fixates with the eye with which he is supposed to fixate. This is rather 
difficult to do in the red-green test, as the goggles are large and the 
room is darkened. 

This disadvantage does not exist in the projection arrangement which 
I described in a previous publication.’® It allows the examiner to watch 
the patient’s eyes constantly and has the same flexibility as the red- 
green test. Since projection lanterns are used, the examiner can, in 
addition to the behavior of the retinal correspondence, also study the 
binocular response of the eyes to various fusional stimuli, measure 
aniseikonia, and so on. This instrument was built for research purposes 
and does not pretend to be usable in routine practice. It will, therefore, 
not be discussed in this paper. 

Travers *' has described a method which he called the mirror-screen 
test. In this test the patient is seated in the usual way in front of a 
Bjerrum screen. On one side of the patient there is another black 
screen, normal to the first, on which there is a movable light, seen by 
the patient in a mirror placed in front of the eye on the side of which is 
the second screen. A cover test is performed and the light placed in 
such a way that there is no movement of the eyes when fixating alter- 
nately the center of the Bjerrum screen and the light on the other 
screen. When both eyes are uncovered, the light will be seen by the 
patient in the center of the Bjerrum screen if his retinal correspondence 
is normal. If it is anomalous, the light and the center of the Bjerrum 
screen will not coincide; the distance between the two is a direct measure 
for the angle of anomaly. This test is also of interest mainly for 
research purposes. 


21. Travers, T. AB.:. Suppression of Vision in Squint and Its Association with 
Retinal Correspondence and Amblyopia, Brit. J. Ophth. 22:577, 1938. 
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Essence of the Double Image Test.—Before other tests for deter- 
mination of the retinal correspondence are discussed, the essence of the 
double image test must be summarized. 


In this test the attempt is made to determine the response of the 
patient to localized biretinal stimuli when the two eyes are dissociated, 
It is of importance to emphasize that small stimuli are used and that all 
fusional stimuli are purposely avoided. This permits the determination 
of the common visual directions of a restricted number of elements of 
the two retinas without the influence of extraneous factors. But it must 
be kept in mind that the result of the double image test is necessarily 
dependent on the position of the eyes, since this position determines 
which retinal elements are going to be stimulated. It will, therefore, 
change with a change in the angle of squint,** whether it is spontaneous 
or is due to an operative procedure. One must be aware of this in 
order to interpret properly the results of the double image test. 


The other factor in the evaluation of the double image test is that 
it does not attempt to duplicate the visual conditions present in the 
ordinary use of the eyes. When a person is using the eyes under 
ordinary conditions of seeing, there are always fusional stimuli and 
empiric clues reaching his two eyes, influencing his ocular performance 
even if there is a strabismus. Depending on the presence or absence 
of fusional stimuli and empiric clues, a difference in the response of 
the patient may be expected. Such clues and stimuli are present in 
the test for retinal correspondence with the synoptophore or with similar 
major amblyoscopes. 


Determination of the Retinal Correspondence with the Synoptophore. 
—The synoptophore, like all other major amblyoscopes, is a haploscopic 
arrangement consisting of two arms which pivot around a vertical 
axis situated exactly below the middle of the basal line of the patient’s 
eyes. Various targets may be placed on the arms at a suitable distance 
from the center of rotation of the instrument, and the rays of light 
coming from the targets are directed, by means of prisms or other 
optical arrangements, in such a way that the image of the center of 
each target falls on the fovea of the right and the left eye of an 
orthophoric subject when the arms are parallel to the basal line. In that 
event, the subject’s lines of gaze would also be parallel, since the 
optical system of the synoptophore is such that the targets are optically 
at infinity. If the observer is not orthophoric, what he sees will depend 
on the type of targets used. If the targets are similar, offering fusional, 
or even stereoscopic, stimuli, the observer will frequently be able to 
fuse the targets with parallel lines of gaze. If the targets are dis- 


22. This distinguishes the double image test from the after-image test, as will 
be seen later. 
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similar, he may not be able to superimpose the images but will see 
one image higher or lower than, or to the right or the left of, the other, 
according to the nature of his heterophoria. By moving one or both 
arms of the synoptophore, the center of both targets can now be 
brought into such a position that the images of the centers fall on the 
foveas and the observer will see a single image. The position of the 
arms in which this is achieved can be read from scales, and the reading 
represents the heterophoria of the patient. 


In examining a squinting patient with the synoptophore, one’s first 
problem is, again, to determine the objective angle of squint, i.e., the 
angle between the lines of direction of the two foveas. This is done 
by placing the arms of the synoptophore into such a position that no 
movement of the eyes occurs when they assume alternately the fixation 
of their respective target. Once the arms are in that position, the 
patient should superimpose the dissimilar images used in the test if his 
retinal correspondence is normal. If the correspondence is anomalous, 
the patient will not see the images superimposed but will see them in 
a crossed or an uncrossed position, according to whether he has a 
convergent or divergent strabismus. By approaching the two arms 
to the zero position, the two images are brought closer until they are 
finally superimposed. 


By presenting dissimilar targets to the patient in the synoptophore, 
it is attempted to dissociate the two eyes and to determine the visual 
directions of the foveas. There is, however, no reason that one should 
restrict oneself to dissimilar objects. Targets which are in part similar, 
or which may even contain stereoscopic stimuli, may also be used. 
In many instances there is a good deal of binocular cooperation 
between the eyes of a squinting patient, and by using various targets 
one will soon find that the reaction of some patients differs according 
to the target used in the test. Applied in this way, the synoptophore 
offers an opportunity to examine the eyes of a squinting patient under 
conditions which are comparable to the natural use of the eyes. 


One must keep in mind that the task assigned to the patient is 
to superimpose stimuli which simultaneously reach the two foveas when 
the arms of the synoptophore are in the position of the “objective angle.” 
When the arms of the instrument are in the position of the “subjective 
angle,” one fovea and an eccentric element in the retina of the other 
eye are simultaneously stimulated. This is not always easy for the 
patient. The simultaneous stimulation of the two foveas is the thing 
which squinting patients try to avoid above all; suppression and changes 
in the angle of squint may make the test for retinal correspondence 
rather difficult. As I have pointed out,’® the patient’s reaction may 
differ according to the location of the stimulus on the retina. 
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Comparison of Determinations of the Retinal Correspondence with 
the Double Image Test and with the Synoptophore—In the double 
image test, the eyes of the patient are completely dissociated, and a 
localized stimulus of light is allowed to fall on the fovea of one eye 
and on an eccentric spot on the retina of the other eye. There is a 
considerable difference in the amount of light reaching the two eyes. 
The patient’s problem is to localize the image seen with the deviated eye 
relative to that seen with the fixating eye. 

In testing the retinal correspondence with the synoptophore, the 
patient is asked to superimpose images falling on the two retinas, 
The illumination reaching the two eyes is approximately equal (unless 
it is purposely reduced on one side, as must sometimes be done), and 
the eyes are not as completely dissociated as in the double image test. 
Also, the stimulus is less localized. It may, in fact, extend over a 
considerable portion of the retinas, and fusional stimuli may be present. 

The conditions under which the double image test is performed differ 
widely from the conditions of natural seeing. These natural conditions 
are much more closely approximated in the test with the synoptophore. 

This comparison of the two methods makes it apparent that one 
should not expect the same result with the two methods in all cases. 
Differences are found; their significance will be discussed later. 


Tschermak’s Apparatus for Determination of the Congruity Between 
the Motor and the Sensorial Conditions of a Squinting Patient.—In 
order to allow the examination of the retinal correspondence under 
conditions existing when the eyes are used in the usual way, Tschermak- 
Seysenegg has devised a simple apparatus.** This apparatus avoids the 
artificial differentiation of the fields of vision of the two eyes caused 
by introducing colored glasses or by presenting dissimilar objects to 
the two eyes. It consists of a rectangular metal box with a front wall 
about 30 by 40 cm., which contains a lamp (fig. 6). In the center 
of the front wall a cross is punched out; above and below the vertical 
arm of the cross and in line with it are vertical slots, the upper being 
lined with red glass, the lower with green glass. To the right of the 
upper slot and to the left of the lower slot there are small blinds 
movable on hinges which can be so placed that the upper slot is visible 
only to the left eye and the lower slot visible only to the right eye. 
In this way a partial dissociation of the two eyes is achieved. 

The patient is seated comfortably 30 cm. or more in front of the 
instrument in such a position that his eyes are approximately on a 
level with the horizontal arm of the cross, and he is asked to fixate 


23. Tschermak-Seysenegg, A.: Methodik des optischen Raumsinnes und der 
Augenbewegungen, in Abderhalden, E.: Handbuch der binlogischen Arbeits- 
methoden, Berlin, Urban & Schwarzenberg, 1937, sect. 5, pt. ¢ =n. 1427-1754 
(see especially page 1557 ff). 
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the cross. The partitions on the slots are so placed that the slots are 
seen monocularly. The patient is now requested to state whether the 
two vertical slots and the vertical arm of the cross are lined up or 
whether one of the slots appears displaced, and in what direction. 

If one knows the objective position of the eyes for the chosen 
observation distance and the retinal correspondence of the patient as 
determined in the after-image test, one can classify squinting patients 
with this instrument in the following way **: 

A. The patient sees the two slots and the vertical arm of the cross in 
one line. 


(a) If the patient has no strabismus and normal retinal correspon- 
dence, there is neither a motor nor a sensorial anomaly. 


RIGHT EYE 


FOVEA 


Fig. 6.—Schematic drawing of Tschermak-Seysenegg’s apparatus for the 
determination of congruence between motor condition and sensorial behavior in 
strabismus. 


(b) If the patient has a strabismus and one eye is deviated while 
he fixates the center of the cross with the other eye, he has both a 
motor and a sensorial anomaly, but the two coincide; the patient has 
an anomalous correspondence adapted to the angle of squint. 


B. The patient sees one of the slots displaced to the right or the 
left relative to the cross. 


(a) If the retinal correspondence is normal, the angular distance 
between the center of the cross and the displaced slot is equal to the 
angle of squint. 
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(b) If the retinal correspondence is anomalous, the distance between 
the center of the cross and the displaced slot is not equal to the angle 
of squint; the angle of squint differs from the angle of anomaly, and 
there is no congruity between the two. 

I have not used this instrument in the examination of patients and 
have, therefore, no personal experience concerning its usefulness. It 
would seem to me, however, that there is no need of adding this test 
to the examination of squinting patients, since it does not give more 
information than can be obtained by the simple double image test. In 
both tests the fovea of the fixating eye and an eccentric element of the 
retina of the deviated eye are stimulated simultaneously. It must be 
emphasized, however, that the result of the two tests may differ in certain 
instances because of the more natural conditions of seeing under which 
Tschermak’s test is performed. 

Braun ** was the first to employ the apparatus in examination of 
patients, at Tschermak-Seysenegg’s suggestion. Collenza and Jablon- 
ski** used it in their studies, and Sverdlick ** found the instrument 
valuable in examination of the retinal correspondence and advocated its 
use in conjunction with the after-image test.** 


2. DIRECT DETERMINATION OF THE VISUAL DIRECTION OF 
THE FOVEAS (AFTER-IMAGE TEST) 


Hering ** saw one of the most convincing proofs for the unity of the 
binocular field in the following simple experiment: A small lasting after- 
image is produced in the left eye and the eye closed. When the right 
eye is now opened, the after-image will appear in the field of vision and 
shift with the movements of the eyes, just as though the left eye were 
open.” If the after-image was produced on the fovea, it will appear 
in the common visual direction of the foveas. After-images produced 
on the two foveas will appear in the same visual direction no matter 
whether the eyes are open or closed, and no matter what the relative 
position of the eyes is. After-images offer, therefore, an ideal oppor- 


24. Braun, G.: Zur Therapie und Prognose des Schielens, Arch. f. Ophth. 
120:583, 1928. 

25. Collenza, D., and Jablonski, W.: Sulla relazione normale ed anormale delle 
retine negli strabici, Boll. d’ocul. 16:212, 1937. 

26. Sverdlick, J.: Presentacién de una lampara para postimagenes y de un 
aparato congruente tipo Tschermak, Arch. de oftal. de Buenos Aires 13:542, 1938. 

27. It is of interest to note that F. Bernard Chavasse (Worth, C.: Worth’s 
Squint or the Binocular Reflexes and the Treatment of Strabismus, Tondon, 
Bailliére, Tindall & Cox, 1939) reproduced a stereogram for the determination of 
the state of the sensorial retinal correspondence which used the pattern employed 
in Tschermak-Seysenegg’s apparatus. 

28. Heriag,® 1863, book 3, p. 182. 

29. The important theoretic implications of this experiment cannot be discussed 
here. 
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tunity for the examination of the sensorial retinal relationship in cases 
of motor anomalies of the eyes. 

This experiment was suggested by Hering and was applied in the 
laboratory by Tschermak-Seysenegg *° and on a large scale in exam- 
ination of patients by Bielschowsky.*! 

In the after-image test, the visual direction of the foveas, which 
is, of course, independent of the relative position of the eyes at the time 
of the test, is directly determined. This is achieved by a very simple 
technic. A lamp with a straight filament is mounted on a solid base in 
such a way that it may be pivoted around its middle and placed either 
in the horizontal or in the vertical position (fig. 7). The central part 
of the filament is concealed by a metal ring which bears a white square 
with a fixation mark. The patient is seated at an appropriate distance 


A 


Fig. 7.—Lamp for the after-image test. A, front view; B, side view; a, fixation 
mark; >}, filament. 


from the lamp, which is so adjusted that the fixation mark is on a level 
with the patient’s eyes. The patient is asked to fixate steadily the 
mark on the lamp, first with one eye, while the filament is in the hori- 
zontal position, and then with the other eye, while the filament is in 
the vertical position. The time of exposure should be roughly ten 
seconds for each eye, and the filament must not be lighted until the 
patient is properly positioned. The eye which does not fixate should 
be well covered by the palm of the patient’s hand, so that no light enters 
the eye. 

30. Tschermak-Seysenegg, A.: Ueber anomale Sehrichtungsgemeinschaft der 
Netzhaute bei einem Schielenden, Arch. f. Ophth. 47:508, 1899. 

31. Bielschowsky, A.: (a) Untersuchungen iiber das Sehen der Schielenden, 
Arch. f. Ophth. 50:406, 1900; (b) Application of the After-Image Test in the 
Investigation of Squint, Arch. Ophth. 17:408 (March) 1937. 
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During the exposure, a strong light stimulus reaches the principal 
horizontal meridian of one eye, for instance the left eye, and then the 
principal vertical meridian of the other eye. In neither eye is the fovea 
stimulated. The two successively produced after-images are now seen 
simultaneously, as positive after-images (bright lines) in a darkened 
room and as negative after-images (dark lines) in a lighted room, 
The region of the fovea will appear as a gap in the lines, and the two 
gaps will be seen in the same place if the two foveas have a common 
visual direction, no matter what the relative position of the eyes and 
regardless of whether the position of the eyes. changes during the 
observation of the after-images. Consequently, the. horizontal and ver- 
tical after-images are seen in the form of a cross with a gap in the 


R R 


A B c 


Fig. 8.—Result of the after-image test: (4) in normal correspondence; (B) 
in convergent strabismus (angle of anomaly 12 degrees); (C) in divergent 
strabismus (angle of anomaly 12 degrees). 


center (fig. 8A). If the vertical line with its gap appears shifted to 
the right or left relative to the gap in the horizontal line, the two foveas 
obviously have different visual directions, and the retinal correspondence 
is anomalous. Again, this relation is not influenced by the relative 
position of the eyes; it is, for instance, frequently the same prior to 
and after a successful operation for strabismus, i. e., in persons whose 
visual lines have been made parallel for distance. 

The angle of anomaly is directly determined with satisfactory accuracy 
by means of the after-image test. If the length of the glowing filament 
is known and the patient is at a known distance from the filament, the 
angular size of the filament relative to the eye can be computed. With 
the instrument which I use, for instance, the size of one arm of the 
cross is 12 degrees when the distance from the patient’s eye to the 
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fixation mark is 50 cm. during the exposure. The angular size of the 
after-images being known, the distance between the gaps in the horizontal 
and the vertical line gives directly the angle of anomaly. 

Figure 8B explains the results of the after-image test in a case of 
convergent strabismus of 12 degrees with anomalous correspondence 
adapted to the angle of squint; 8 C shows the result of the after-image 
test in a case of divergent strabismus of 12 degrees with anomalous 
correspondence adapted to the angle of squint. 

The after-image test can be performed with normally developed 
children as young as 4 or 5 years of age.** It is not necessary prior 
to the test to explain to the patient what is expected of him, but he 
must be instructed to fixate strictly the mark on the light bulb. He 
should be told that a light will flash on and that fixation must be main- 
tained while the examiner counts from 1 to 10 during the exposure. 

The examiner must observe the patient’s eye during the exposure 
to check on the steadiness of fixation; if the patient moves his eye too 
much, the test must be repeated. Even patients with relatively high 
amblyopia (20/200 or more) can as a rule fixate sufficiently well, but 
patients with eccentric fixation must, of course, be excluded. The room 
should be lighted during the exposure so that the patient can see the 
fixation mark clearly; the general illumination does not interfere with 
the production of the after-images. 

Suppression of the poorer eye or alternating uniocular vision may 
at times interfere considerably with the after-image test. In order to 
minimize as far as possible the difficulties arising from unilateral sup- 
pression, I have adopted the following routine: 

The better eye is always first exposed to the filament in a horizontal 
position. The weaker or habitually deviated eye is then exposed to 
the vertical filament. If the vertical after-image is always produced in 
the habitually deviated eye, the record of the after-images shows at a 
glance the condition of the retinal correspondence, the data are uniform 
and errors are avoided. In cases of high amblyopia of one eye, I expose 
the better eye for a somewhat shorter period than ten seconds and the 
amblyopic eye for a somewhat longer period. This causes a stronger 
after-image in the amblyopic eye, and the patient is more likely to be 
conscious of it. 

After the exposure the room is completely darkened. Some patients 
see at once the two after-images, but the majority see either one or the 
other or neither. It is then helpful to flash on a light a number of times. 
This is almost invariably successful in making the patient conscious of 


32. Sverdlick 26 found that the after-image test could not be performed in chil- 
dren under 7 years of age. 
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the after-images.** He is then asked whether he sees the two lines with 
the gaps in the middle simultaneously and is requested to pay attention 
to the relative position of the gaps. I usually tell the patient that I 
want him to draw a picture of the lines. When the patient’s report is 
satisfactory, the light is switched on, and I draw the horizontal line with 
its gap (using a red pencil for the positive after-images). The patient 
is asked to draw in the vertical line with its gap according to where 
he saw it. He is then placed a few feet away from a large, white, well 
illuminated cardboard and asked to observe the negative after-images. 
It is again helpful to flash a light on and off if the patient has difficulties 
in seeing them. The procedure of recording is then repeated (using 
a black pencil). It is of interest to investigate both the positive and 
the negative after-images. Sometimes the patient localizes one set of 
after-images according to normal correspondence and the other set 
according to anomalous correspondence. The meaning of this difference 
in behavior will be discussed later. 


One sometimes encounters great difficulty in eliciting the after-image 
of the habitually deviated eve even if there is not a great deal of amblyopia. 
Certain patients have such a strong mental suppression that they even 
suppress the after-image completely, a phenomenon which is in itself 
interesting and theoretically significant. It is frequently helpful to ask 
such a patient to cover the leading eye. Other patients with strictly 
uniocular vision can alternate at will and not only can assume fixation 
with either eye but can elicit at will one or the other after-image by 
shifting the attention and changing fixation. All this, of course, must 
not be understood to mean that the position of the eyes has anything 
to do with the production or position of the after-images. It simply 
means that it is sometimes difficult for the patient to concentrate his 
attention on the after-image of the suppressed eye or to become con- 
scious of it. 


With the vast majority of patients it is possible to obtain a satis- 
factory after-image test if one exerts enough patience. There are, how- 
ever, cases of complete alternation in which even a most painstakingly 
performed test does not yield the desired result of simultaneous percep- 
tion of the after-images. These cases are extremely interesting, but 
rare, and I wish to report 2 which belong in this category. 

Case 1—R. E. M., a merchant aged 34, complained of a great deal of ‘eye- 


strain and of frontal headaches. There was no family history of ocular trouble, 
and the patient had never been seriously ill. He had worn glasses for the past 


33. L. C. Drews (Further Observations on Autofundoscopy, Am. J. Ophth. 26: 
1143 [Nov.] 1943) has recently suggested the use of his method of autofundoscopy 
to enhance the appearance of the after-images. He also recommended exposing the 
filament more than once to each eye to avoid a possible occurrence of phasing, 
which might be detrimental to simultaneous perception of the after-images. 
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eighteen years but had not been aware that his eyes turned out until he was about 
10 years of age. 

Refraction and Visual Acuity—Right eye: + 0.25 D. sph. + 0.50 D. 
axis 30 = 20/20 + 2; left eye: + 1.25 D. sph., axis 160 = 20/20 4+ 2. 

Retinal Correspondence.—In the cover test there was an alternating divergent 
strabismus for distance which was compensated for with prisms of 30 to 354; he 
was able to fixate with either eye but preferred the right eye. He could over- 
come the divergent strabismus by a convergence impulse, but the near point of 
convergence was at 15 to 17 cm. and convergence was held poorly. It was 
impossible to elicit diplopia in the double image test, in spite of numerous attempts ; 
in the after-image test there was complete alternation; the patient saw either the 
horizontal or the vertical after-image, depending on the eye which he used for 
fixation, and was unable to perceive the two after-images simultaneously. With 
the stereoscope there was alternating uniocular vision. With the synoptoscope the 
objectively measured angle of divergence was 254; there was no binocular per- 
ception at any angle. 


Case 2.—H. P. H., a white laborer aged 25, had no family history of ocular 
trouble except that his mother was cross eyed. His left eye had been turning in 
since infancy. As a baby the patient had convulsions. He wore glasses for close 
work in high school but had had no glasses since that time. 

Refraction and Visual Acuity.—Right eye: + 1.00 D. sph. — + 0.50 D. cyl., 
axis 180 = 20/20; left eye, + 1.00 D. sph. — + 0.50 D. cyl., axis 180 = 20/20. 

Retinal Correspondence.—In the cover test the patient showed a convergent 
strabismus of 25 arc degrees; the left eye deviated spontaneously, but the patient 
was able to fixate with that eye when the right eye was covered. It was difficult 
to elicit diplopia in the double image test; there was an indication of uncrossed 
diplopia of 25 arc degrees, but the patient was uncertain about it. In the after- 
image test there was complete alternation: When the patient fixated with the left 
eye, he saw the vertical after-image; when he fixated with the right eye, he saw 
the horizontal after-image. He never saw the two after-images simultaneously. 


Another complication of the after-image test is even rarer. Certain 
patients with facultative divergent strabismus who have binocular fixa- 
tion when the divergence is overcome by a convergence impulse see the 
after-images in the form of a cross (normal correspondence) when they 
fixate binocularly. But when their eyes are dissociated, they see the 
vertical after-image displaced to the right or left (anomalous correspon- 
dence). A case of this type will be given later (case 15). An uncritical 
observer might deduce from this finding that the position of the after- 
images had changed because of a change in the relative position of the 
eyes. This conclusion would be quite erroneous. The position of the 
after-images changed because of a change in the sensorial retinal rela- 
tionship produced by the dissociation of the eyes. (The meaning of 
this interesting and important phenomenon will be considered in connec- 
tion with the discussion of the essence and meaning of anomalous corre- 
spondence. ) 

It must be emphasized that a single after-image test has no signifi- 
cance beyond giving information about the condition of the retinal corre- 
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spondence of the patient at the moment the test is made. In order to 
obtain a complete picture of the condition of the sensorial retinal rela- 
tionship of a patient, the test should be repeated at various times. 

I have dealt here in detail with the after-image test because of its 
importance for the understanding of the sensorial retinal relationship 
in squint and because, in spite of all that has been written, it is still 
not generally understood. As an example, I wish to quote the description 
of the after-image test as given by Travers.** He stated: 

Tschermak has described an apparatus called a Kongruenzapparat by which 
retinal correspondence can be investigated. The principle of the apparatus con- 
sists of the creation of an “after-image” in one eye which can be combined with 
another image in the other eye. Thus, if a vertical illuminated streak is pre- 
sented to one macula and a horizontal streak tq the other, the after image, in 
orthophoria, will appear as a cross +. If there is a squint with an abnormal 
retinal correspondence of the harmonious type, the after image will still be a 
cross, while if there is an unharmonious abnormal correspondence the after image 
will ‘appear as two separate lines |—, the angular displacement between the two 
lines not corresponding in degree to the angle of squint. If the angular displace- 
ment is equal to the angle of squint, then there is normal correspondence. 


This description is a sequence of errors. The least important of them 
is that Tschermak’s AKongruenzapparat test and the after-image test 
are two different things. The description of the phenomonology of the 
after-image test is completely wrong. As the reader of this paper knows 
by now, the after-images in anomalous correspondence of the harmonious 
type do not form a cross but are separated by an angular distance equal 
to that of of the angle of squint ; but if there is normal correspondence the 
after-images form a cross. 

It is not sufficient to point out such errors; one must attempt to 
discover how an author who has given so much thought to the subject 
came to commit them. What may have misled Travers is the fact that 
patients with harmonious anomalous correspondence superimpose the 
synoptophore targets when the arms of the instrument are at zero, while 
patients with normal correspondence superimpose the synoptophore 
targets at their objective angle of squint. But in the former case the 
targets are imaged on the fovea of one eye and an eccentric region of 
the other eye, while in the latter case both images fall on the fovea. In 
the after-image test, on the contrary, the gap corresponds always to the 
two foveas. Travers’ misunderstanding is, however, deeper than that, 
as will be seen from the analysis of his definition of anomalous 
correspondence. He stated: 


. « . an abnormal retinal correspondence is in all probability the result of a 
compromise between innate retinal local signature and the judgment of visual 


34. Travers, T. 4B.: The Comparison Between the Results Obtained by 
Various Methods Employed for the Treatment of Concomitant Strabismus, London, 
George Pulman & Sons, Ltd., 1936. 
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directions, and if this be so it would explain the great differences between measure- 
ments made by different methods. It is essentially a faulty judgment of visual 
direction. 


The meaning of this definition is not clear in itself. In order to grasp 
what Travers had in mind, one must consult his description of anomalous 
correspondence. In discussing the harmonious type, he stated that the 
fovea, A, of one eye corresponds to an eccentric point, D, in the other 
eye and that: 

this type of correspondence would appear to indicate a harmonious working 
of the two eyes—in that the impulses from D, which resulted from incident light 


having the same visual direction as that falling on A, could presumably reinforce 
the impulses from A and so give an inferior type of binocular vision. 


In unharmonious retinal correspondence, in which the, angle of 
anomaly and the angle of squint are unequal, the fovea, A, and a 
peripheral point, C, closer to the fovea than D, will correspond. 

It is clear that in this case there could be no form of reinforcement of the 


impulses from 4 by those from the corresponding point C, as the latter originate 
from light having a different visual direction. 


It is apparent from this description that Travers thought that the lines 
of direction (not, as he erroneously called them, the visual directions 
of light) play a predominant part in relative localization; a “‘judgment” 
is made about the “visual direction,” which is faulty in anomalous cor- 
respondence. At best, a compromise is reached between the “innate 
retinal local signature” (which apparently means the normal correspon- 
dence) and “the judgment of visual direction.” This is a statement 
of the projection theory in crude form. A meaning is given to the lines 
of direction which they do not have, and the visual lines, which alone 
have a subjective localizing significance, are not mentioned. 

The importance ascribed erroneously to the lines of direction led 
to the misunderstanding on the part of Travers of the after-image test. 
In convergent strabismus of the left eye the position of the line of direc- 
tion of the left fovea is such that it would connect this fovea with a point 
to the right of the point fixated by the right eye. Therefore, Travers 
concluded, if there is “proper” judgment of the visual direction (normal 
correspondence), the two after-images will appear separated by the 
amount of the angle of squint; if there is harmonious anomalous corre- 
spondence—a “wrong” judgment of the visual direction—the patient 
will see a cross, as would a normal person. Actually, the reverse is true. 
And the reason that the after-images do not appear in the way described 
by Travers is that the visual directions of the fovea, and not their lines 
of direction, determine the relative position of the after-images. That 
Travers had the relative position of the eves (the lines of direction of 
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the foveas) in mind in discussing the after-image test is indicated by 
his stating that the after-images form a cross “in orthophoria.” They 
form a cross in any type of heterophoria or heterotropia as long as the 
sensorial retinal relationship is normal. 

This discussion of Travers’ presentation of the after-image test goes 
to show that the question of a clear distinction between the objective 
and subjective elements in relative spatial localization (lines of direction 
and visual lines) is not a purely academic one but is eminently practical, 
It leads to gross misunderstandings if this distinction is not kept in mind, 


This is apparent, also, from some of the contentions raised against 
the after-image test by Miss Smith, of the Wilmer Ophthalmic Insti- 


tute.*° None of her contentions stand up under scrutiny. Miss Smith 
stated : 


1. The test demands too much of an unintelligent patient—unwavering fixation 
during the ten second intervals, accurate observation and reporting of a fluctuating 
subjective phenomenon. 


Miss Smith had apparently never used the after-image test. Otherwise, 
she would have known that a normal child of grammar school age, or 
even preschool age, has sufficient intelligence to allow the application 
of the test. In fact, most subjective tests used routinely in ophthalmic 
examinations require at least as much attention and intelligence as the 
after-image test, if not more. As to the fixation, it has been pointed 
out before that the test is impossible if the patient has no central fixation. 
On the other hand, small deviations in the fixation are of minor impor- 
tance. They may cause the vertical after-image to appear as a broad 
line; but the error introduced, even if it should amount to 1 or 2 arc 
degrees, would still be well within the limit of error permissible in any 
clinical test for strabismus. She then continued: 

2. The angle of false projection “* depends on the angle of squint, and this angle 


may vary during the test. The consequent variation in the angle of anomaly is 
confusing to the patient, who may or may not report the change. 


This statement shows that Miss Smith has misunderstood the very 
essence of the after-image test. In this test the visual direction of the 
foveas is directly determined, and this test is, therefore, absolutely inde- 
pendent of the angle of squint at a given moment, in contradistinction 
to all other methods of testing retinal correspondence, in which the 
result is influenced by the relative position of the eyes. Miss Smith 
finally stated: 


35. Smith, M. I.: Significance of False Projection in the Treatment of Squint, 
Arch. Ophth. 21:990 (June) 1939. 


36. The different terms used in connection with anomalous retinal correspondence 
will be considered later. 
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3, The test must be given in darkness or semidarkness, so the observer has few 
objective checks. 


This is not correct. The test must not necessarily be given in darkness 
or semidarkness ; but even when this is done there is no need for objec- 
tive checks, since the relative position of the eyes does not influence the 
results except in extremely rare cases. 


3. EVALUATION OF METHODS USED IN THE CLINICAL DETERMINATION 
OF THE RETINAL CORRESPONDENCE 

Miss Smith stated in the paper from which I just quoted ** that the 
best method for the determination of the presence of false projection is 
the use of the synoptophore. | am not able to subscribe to this statement. 
In fact, I am not prepared to say that there is one “‘best method” for the 
determination of the sensorial retinal relationship. I can only state 
that each method, properly applied, informs the examiner of the patient’s 
sensorial reaction to the standard conditions of the test at a given time. 

The standard conditions of the different tests have been described. 
They differ, and it is not surprising that they should give different 
results with some subjects. This may raise the question of the validity 
of the various tests; indeed, one may even question altogether the 


value of determining the sensorial retinal relationship in patients with 
strabismus if the results are so variable. 


Instead of detracting from their value, the differences found at times 
in the results obtained with the various methods add to their significance. 
They help in establishing the prognosis as to the probability of a patient 
with strabismus regaining binocular vision. But in order to understand 
this, one must have grasped the essence of the tests as well as that of 
anomalous correspondence. 

The essence of anomalous correspondence will be discussed later in 
more detail. At this point, I wish merely to state that anomalous 
correspondence is an attempt of the organism to adapt the sensorial 
condition of the visual apparatus to the anomalous motor condition in 
an attempt at a restoration of the binocular cooperation. Every one is 
born with normal correspondence; it has to be overcome in order to 
establish a new retinal relationship. Not every one is equally able to 
make this adjustment. Also, it is a slow process, and at first the new 
relationship is not very deeply rooted. At this stage it will be present 
only under normal conditions of seeing, and tests made under such 
conditions will more easily elicit it. But as this new, anomalous corre- 
spondence takes deeper roots, it will push the normal relationship of 
the visual directions more and more into the background. Eventually 
it may become so firmly established that it is impossible to elicit the 
innate, now dormant, normal retinal relationship even in tests in which 
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one aims at the most direct determination of this primitive, anatomically 
determined relationship. 


Reviewing the tests discussed from this point of view, one can well 
understand that a patient may show anomalous correspondence when 
. tested with the synoptophore or in the double image test but will show 
normal correspondence in the after-image test. The first test is closest to 
the natural conditions of seeing; it will be easiest for the patient, accus- 
tomed to these conditions, to free himself from the innate compulsion 
to localize the two foveal images in a common visual direction. This 
will be more difficult in the double image test,** and it may become quite 
impossible in the after-image test. : 


One can thus rate the prognostic value of the tests in the following 
way: An anomalous correspondence found habitually in the after-image 
test points to a deep-rooted anomaly in the sensorial retinal relationship, 
and in its presence the double image test and the synoptophore test will 
always show evidence of anomalous correspondence. For patients with 
such well established anomalous correspondence the prospect of regain- 
ing binocular vision is least certain. If the anomalous correspondence 
is less firmly established, the patient may show more or less habitually 
normal correspondence in the after-image test but anomalous corre- 
spondence in the double image and synoptophore tests. Such a patient’s 
chances of regaining binocular vision are better, and they are best if he 
shows normal correspondence in the after-image and double image tests 
and anomalous correspondence only in the synoptophore test. 


In view of this situation, one might argue that the after-image test 
is least valuable, because the number of patients showing normal cor- 
respondence is greater than that with the other tests. This argument 
may be answered by saying that it is a most important bit of information 
to know that in certain patients normal correspondence can be relatively 
easily uncovered with the after-image test in spite of the fact that other 
tests show anomalous correspondence. On the other hand, one could 
argue that the double image test and, especially, the synoptophore test 
show anomalous correspondence in cases in which this feature is relatively 
unimportant.** 

All these arguments are rather futile. As has been shown, there 
can be no “best” test for retinal correspondence in cases of strabismus. 
The answer to the problem lies in a thorough understanding of the dif- 
ferent tests and their proper application and interpretation. 


37. One must, however, not overlook the fact, discussed before, that there may 
also be differences in these two tests, due to the different mode of stimulation. 

38. “The optimist, at all events, will agree that, with the restoration of normal 
function in view, it is more important, in any given case, to seek out the remnant 
of normal sensory correspondence thar morbidly to uncover the nakedness of the 
abnormal.” (Chavasse.?7) 


(To Be Continued) 


CONGENITAL VERTICAL MOTOR PARESES 


GEORGE J. EPSTEIN, M.D. 
NEW YORK 


NCREASING recognition of the fact, as Wagman ' stated, that “ver- 
tical deviations are frequently the true underlying imbalance [in 
horizontal deviations], the horizontal deviation actually being a secon- 
dary phenomenon” has led to a keen interest in vertical motor anomalies 
in recent years. 


Unfortunately, the elucidation of the accurate diagnosis and differ- 
ential diagnosis of vertical motor imbalance is not complete. Smith ? 
called attention to the confusion in differentiating between paresis of 
the superior rectus and that of the contralateral superior oblique muscle 
and suggested that definite diagnostic criteria be set up for this differ- 
entiation. Bielschowsky * stated that the most frequent and important 
type of a single vertical motor paralysis is palsy of the trochlear nerve, 
and with this view have concurred Chavasse * and Davis.’ White and 
Brown,® however, expressed the belief that paresis of the superior rec- 
tus muscle is by far the most common vertical motor anomaly, having 
found this condition in 75 per cent of all the vertical imbalances, and in 
24 per cent of all imbalances, in an extremely large series of motor 
anomalies. Further, Bielschowsky * stated that isolated paresis of the 
inferior oblique is ‘an extremely rare occurrence,” while White and 
Brown® found it third in frequency in vertical motor imbalances. 
Bielschowsky * mentioned the occurrence of paresis of the inferior rec- 
tus but gave no information on its frequency; White and Brown ° 
found this paresis second only to involvement of the superior rectus 
in the aforementioned series. 


From the Department of Ophthalmology, Beth Israel Hospital. 

1. Wagman, O. H.: Am. J. Ophth. 28:1226-1235 (Nov.) 1945. 
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When such contradictions in diagnosis exist, it may be of value 
to investigate the etiologic factors. Paresis of the extraocular muscles 
may be congenital or acquired; it is with the former that this discussion 
is concerned. To understand the origin of congenital motor anomalies, 
it is necessary to review the normal embryonic development. According 
to Mann,’ the extrinsic ocular muscles are developed essentially as a 
condensation of the paraxial mesoderm. The earliest trace of these 
muscles in man can be seen in the 7 mm. stage, when they are repre- 
sented by a massed condensation of paraxial mesoderm surrounding 
the optic vesicle. However, the preceding stages are of importance in 
understanding the complete development. Since they are quite abbrevi- 
ated in the human embryo, one must study the development of a verte- 


Scheme showing head cavities of the dogfish Squalus acanthias (Mann, after 
Platt). 

A, 1, 2 and 3 indicate the head cavities. 1 is the premandibular head cavity; 2, 
the mandibular head cavity, and 3, head cavity 3. E is the eye (optic vesicle) ; 
N, the notochord, and M, the somatic myotomes. 


brate sufficiently simple to show the origin of the mesoderm of the head. 
This can be done in the embryo of the dogfish Squalus acanthias (figure). 

In this animal, the head shows the presence of definite cavities 
which are evidently in sgries with the somites or myotomes behind them 
and can therefore be looked on as somitic or myotomic in value. There 
are four of these cavities on each side, usually numbered from before 
backward as A, 1, 2 and 3. Cavity 1 is often called the premandibular 
head cavity, and cavity 2, the mandibular head cavity. Only cavities 


7. Mann, I.: Development of the Human Eye, London, Cambridge University 
Press, 1928. 
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1, 2 and 3 are involved in the development of the extraocular muscles. 
From the walls of cavity 1, the premandibular cavity, come four main 
outgrowths, corresponding to the rudiments of the superior, inferior 
and medial rectus and the inferior oblique, that is, the niuscles supplied 
by the oculomotor nerve. From the walls of cavity 2, the mandibular 
cavity, comes the rudiment of the superior oblique only, supplied by 
the trochlear nerve. Cavity 3 gives rise to the external rectus muscle, 
supplied by the abducens nerve. A consideration of this arrangement 
helps one to understand the underlying meaning of the human extrinsic 
ocular muscles, although it must be remembered that in man head cavities 
are not known to be present. 


In other words, if one may accept the evidence of comparative 
embryology that “ontogeny repeats phylogeny,” the undifferentiated 
paraxial mesoderm found at the 7 mm. stage in the human embryo 
already represents a development of the muscle anlages supplied by 
the oculomotor, trochlear and abducens nerves from the primitive first, 
second and third head cavities, respectively. This undifferentiated meso- 
derm, or premuscle mass, according to Lewis,* is connected with the 
third cranial nerve only. The fourth and sixth tranial nerves enter 
at the 9 mm. stage, at which time the muscle mass begins to show signs 
of cleavage. The differentiation gradually spreads from before back- 
ward, until at the 14 mm. stage the individual muscle bellies can be 
distinguished as four rectus and two oblique muscles and have nearly 
the same position relative to the eyeball as in the adult. 


However, the inferior oblique does not: completely separate from 
the inferior rectus until later, at the 20 mm. stage, according to Duke- 
Elder.’ Much later, according to the same author, at the 55 mm. stage, 


some of the fibers on the medial aspect of the superior rectus separate off 
to form the levator palpebrae superioris. At the 60 mm. stage, this muscle is fully 
developed, and lies on the inner side of the superior rectus; it then grows laterally 
on a slightly higher plane, overlapping the inner edge of the rectus (75 mm.), and 
finally (fourth month) lies above. 


In this system of cleavage from the premuscle mass, it seems that 
the medial rectus is the first muscle to be clearly and independently 
differentiated. Its differentiation is soon followed by that of the lateral 
rectus and the superior oblique, and only these three muscles develop 
independently, with no subsequent offshoots. The inferior rectus is 
the first to be involved in subdifferentiation, giving rise to the inferior 


8. Lewis, in Keibel, F., and Mall, F. P.: Manual of Human Embryology, 
Philadelphia, J. B. Lippincott Company, 1918; cited by Whitnall, S. E.: Anatomy 
of the Human Orbit, London, Hodder & Stoughton, Ltd., 1921. 

9. Duke-Elder, W. S.: Text-Book of Ophthalmology, St. Louis, C. V. Mosby 
Company, 1938. 
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oblique at the 20 mm. stage. From the superior rectus the levator pal- 
pebrae superioris differentiates very late in embryonic development. 

With this scheme of development in mind, one may proceed to the 
pathogenesis of congenital muscle anomalies. According to Mann, 
maldevelopment may be of three kinds: (1) failure of development of the 
primitive head cavities; (2) errors in cleavage or incomplete separation 
of the individual muscles from the common mesodermal, or premuscle, 
mass, and (3) failure of development in the central nervous system 
(nucleus or peripheral nerve). It is obvious that factors in type 1 or 
3 must give rise to a complete paralysis of the oculomotor, trochlear 
or abducens type and that any congenital anomaly of the individual 
muscles supplied by the third nerve must be the result of “errors of 
cleavage in the pre-muscle mass.”’ Thus, there are two kinds of con- 
genital failures in muscle development: (1) complete failure of any one 
of the third, fourth and sixth nerve complexes, due to failure of develop- 
ment of the primitive head cavity or of the supply from the central 
nervous system, and (2) maldevelopment of the individual muscles sup- 
plied by the third nerve or of the superior oblique or the lateral rectus 
muscle, due to incomplete separation from the common premuscle mass. 
Whitnall ** particularly emphasized the role of the latter factor. 

It is probable, to judge from the writer’s individual experience in finding quite 
a number of gross abnormalities of the ocular muscles in his series of dissections, 


that such are by no means . . . excessively rare. . . . They are explained 
by developmental errors in cleavage from the common pre-muscular mass. 


It is the commonly accepted belief that late embryonic differentiation 
of an extrinsic ocular muscle renders it liable to maldevelopment. Thus, 
Duke-Elder,® in describing the late differentiation of the levator palpe- 
brae superioris, stated that “this origin of the levator explains the fact 
that it is frequently defective congenitally, and may be associated with 
a similar failure in the superior rectus.” By the same reasoning, it 
might be expected that maldevelopment of the inferior oblique and the 
inferior rectus might also result from errors in cleavage, but, since 
their differentiation takes place at a much earlier stage, much less fre- 
quently than that of the superior rectus and levator palpebrae superioris. 
Chavasse * has expressed this belief. 

It will be remembered that the inferior oblique separates itself off from the 
inferior rectus mass. Just as the common developmental origin of the levator and 
superior rectus is sometimes associated with a common paralysis of the two muscles, 


so the inferior oblique and the inferior rectus might sometimes be affected together 
by a congenital paralysis. 


10. Mann, I.: Developmental Abnormalities of the Eye, London, Cambridge 
University Press, 1937. 

11. Whitnall, S. E.: Anatomy of the Human Orbit and Accessory Organs of 
Vision, London, Oxford University Press, 1932. 
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In other words, if one follows the muscle pareses due only to errors 
in premuscle cleavage, one would expect involvement of muscles in 
the following order of frequency, starting with the ones most commonly 
affected: (1) superior rectus and levator palpebrae, by far the most 
common; (2) inferior rectus and inferior oblique; (3) superior oblique ; 
(4) lateral rectus, and (5) medial rectus. So far as the vertical motor 
anomalies are concerned, the order would be: (1) superior rectus, (2) 
inferior rectus and inferior oblique, and (3) superior oblique. 


It is most interesting that White and Brown,® in their extremely 
large series of vertical muscle palsies previously referred to, found a 
strikingly similar order of frequency. Out of a total of 661 cases of 
vertical muscle imbalance, the superior rectus was involved in 507, or 
75 per cent; the inferior rectus, in 121, or 18 per cent; the inferior 
oblique, in 20, or 3 per cent, and the superior oblique, in 13, or 2 per cent. 

If one may accept the belief that congenital defect of the superior 
oblique due to errors in cleavage of the common premuscle mass is rare, 
then one must turn to the other causes of failure of the superior oblique: 
aplasia either of the primitive second, or mandibular, head cavity or 
of the nerve unit in the central nervous system (nucleus and peripheral 
nerve). Mann,’° however, expressed the belief that the congenital failure 
of the superior oblique is rare and that the cause of the developmental 
defect is an aplasia of the mandibular head cavity. 


Thus the weight of embryologic evidence indicates that congenital 
paresis of the superior oblique is rare and that palsy of this muscle 
probably falls into that class of uncommon complete muscular paralyses 
due to aplasia of the primitive head cavities. If one is to believe that 
palsy of the trochlear nerve is a common imbalance, one must consider 
it an acquired condition, the result of birth trauma or of lesions affecting 
the nucleus of the fourth nerve, the peripheral nerve or the superior 
oblique muscle itself in the early years of postnatal life. It must also 
be demonstrated that these etiologic factors occur with sufficient fre- 
quency in the early years of life to account for the large proportion of 
vertical imbalances, the incidence among strabismic children being 1 to 3, 
according to White and Brown.® 


SUMMARY 


Congenital pareses of the extrinsic ocular muscles are due to (1) 
errors in cleavage of the common premuscle mass, (2) aplasia of the 
primitive head cavities and (3) aplasia of the connections in the central 
nervous systetm. Of these, pareses of type 1 are by far the most 
common. 


Errors in cleavage are most likely to affect those muscles which 
are differentiated late in embryonic development. Therefore, of the 
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vertical muscles, the superior rectus is considerably the most commonly 
affected, the inferior rectus and the inferior oblique next and the superior 
oblique most infrequently. There is clinical evidence to support this 
view. 

If paresis of the superior oblique is a common vertical imbalance, 
it must for all practical purposes be considered an acquired lesion. 


145 Central Park West. 


PRIMARY TUBERCULOSIS OF THE CONJUNCTIVA 


G. M. BRUCE, M.D., 
AND 
D. LOCATCHER-KHORAZO, M.D. 
NEW YORK 


HIS case is reported because primary tuberculosis of the con- 

junctiva is rarely seen in this country. Bordley ' was unable to 
find a case among over 41,000 patients treated at the Baltimore Eye, Ear 
and Throat Charity Hospital; Burchell? could not recall having seen 
the disease in his twenty years at the New York Eye and Ear 
Infirmary, and we have found no mention of it among the records 
of the Institute of Ophthalmology in New York. Isolated cases have 
been reported by Cohen,’ Coover,* McKenzie,® Sitchevska and Sedam ® 
and Thompson.? 

REPORT OF A CASE 


A 9 year old boy was admitted to the Presbyterian Hospital on Sept. 27, 1937, 
complaining that nine days previously the right upper lid had become swollen 
for no apparent cause. Later the swelling had extended downward toward the 
ear. There had been no pain or discomfort, but he had had a low grade fever, 
the temperature at times going as high as 101.8 F. 

The previous history ‘was irrelevant, except that eighteen months before he 
had experienced an apparently similar swelling, which had subsided spontaneously 
in about a week. There was no history of exposure to tuberculosis, tularemia 
or other source of infection. No tuberculin test had ever been done. 


Physical Examination.—The boy was fairly well developed but rather poorly 
nourished; he was lively and appeared well. The temperature was 100.4 F., the 
pulse rate 104, the respiratory rate 20 and the blood pressure 104 systolic and 
60 diastolic. Except for enlarged and cryptic tonsils and the local findings, to 
be described later, physical examination revealed essentially a normal condition. 

There were slight edema and dusky redness over the outer two thirds of the 
right upper lid, with some tenderness over the lacrimal gland. A slight yellowish 
conjunctival discharge was present. About the middle of the upper tarsal con- 
junctiva was a shallow, indolent ulcer, 4 by 5 mm. in size, with fairly well 


From the Institute of Ophthalmology of the Presbyterian Hospital in the 
City of New York. 

1. Bordley, J.: Tuberculosis of the Conjunctiva, Ophth. Rec. 11:368, 1902. 

2. Burchell, E., cited by Sitchevska and Sedam.® 

3. Cohen, M.: Tuberculosis of the Conjunctiva, Arch. Ophth. 48:96, 1919. 

4. Coover, D.: Tuberculosis of the Conjunctiva, Am. J. Ophth. 3:206, 1920. 

5. McKenzie, W.: Tuberculosis of the Conjunctiva, Am. J. Ophth. 22:744, 1939. 

6. Sitchevska, O., and Sedam, M.: Primary Tuberculosis of the Conjunctiva, 
Arch. Ophth. 30:196 (Aug.) 1943. 

7. Thompson, J.: Report of a Case of Primary Tuberculosis of the Conjunc- 
tiva, Ann. Ophth. 15:76, 1906. ; 
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defined, reddish margins and a gray and sloughing base (fig. 1). The principal 
lesion was surrounded by several follicles of varying sizes, at least three of which 
had ulcerated at their apexes. The eye was otherwise normal, and vision was 
20/20. Extending from the outer canthus to the tragus was an area of edema, 
somewhat dusky and marked by a slight roughness of the skin. A large swelling 
(fig. 2) was seen just anterior to the tragus, and continuous with it, below, 
was a somewhat smaller elevation. These were cool, moderately tender and 
nonfluctuant. Smaller and firmer nodules extended below these in diminishing 
sizes along the cervical lymphatic channels. There was no discharge from Sten- 
sen’s duct. 

The left eye and its adnexa were normal, and vision was 20/20. 

Laboratory Examimations——The hemoglobin concentration was 100 per cent 
(14.9 Gm.); the red cell count was 4,390,000 and the white cell count 5,600, 
with a differential count of 76 per cent polymorphonuclear leukocytes, 18 per 
cent lymphocytes, 4 per cent monocytes and 2 per cent eosinophils. The cells 
and platelets were normal. No parasites were seen. 


Fig. 1.—-Primary tuberculosis of the tarsal conjunctiva in a 9 year old child. 


Agglutination tests were negative for Brucella abortus, Eberthella typhosus, 
Salmonella paratyphoid A and B and Rickettsia prowazeki. The Kline reaction 
of the blood was negative. 

Tests with old tuberculin, in a dilution of 1 to 100,000, gave a positive reaction 
in forty-eight hours. The area of erythema was | cm. and the area of induration 
0.5 cm. in diameter. 

Roentgenograms of the parotid area showed some swelling of the soft tissues. 
Roentgenograms of the chest, kidneys, abdomen and long bones revealed no 
abnormalities. Rotntgenologic studies were repeated frequently during the course 
of the illness and continued to show a normal condition throughout. 

Culture of material from the throat revealed a few hemolytic streptococci. 

Bacteriologic Investigation—Scrapings from the ulcer were examined, with 
the following results: 

Staining Method: The Giemsa stain revealed no eosinophils or inclusion 
bodies. The Gram stain showed occasional gram-positive bacilli. 


tt 

<u 


BRUCE-LOCATCHER-KHORAZO—TUBERCULOSIS 377 


Ziehl-Neelsen Method: A scraping was fixed with ascitic fluid and stained 
in the usual manner for acid-fast bacilli. Organisms similar in all respects to 
Mycobacterium tuberculosis were observed (fig. 3). 


Fig. 2—Preauricular swelling in a child with primary tuberculosis of the 
conjunctiva. 


Fig. 3.—Tubercle bacilli in scrapings from the conjunctival ulcer (Ziehl- 


Neelsen method). 


Cultivation: Petroff’s and Frobisher’s egg mediums were inoculated with 
scrapings. Pure cultures of Myco. tuberculosis were obtained. 
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Animal Inoculation: Inoculation of rabbits and guinea pigs with scrapings from 
the ulcer produced typical tuberculous lesions. The organisms were of the bovine 
type. 

Treatment and Course-—The eye was treated most conservatively by irrigation 
with a bland fluid three or four times a day. The ulcers remained stationary for 
about three weeks. A few additional follicles appeared nearby but did not ulcerate. 
Then flat granulations began to extend inward from the margins of the ulcers; 
the bases gradually became clean and pink, and epithelization was complete ten 
weeks after the lesion was first discovered. Scarring was minimal, and now, 
nine years after the onset of the disease, the eye is free of symptoms. 

Resolution of the glandular lesions was slower. The preauricular swelling 
became increasingly soft, and the child had an intermittent low grade fever, 
the temperature never being over 100F. About five months after the onset of 
symptoms, the lower and smaller of the two preauricular nodules ruptured spon- 
taneously. The larger swelling was thereupon opened, and a small amount of 
creamy, greenish white pus was evacuated. No tubercle bacilli were obtained 
from this on culture. 

Healing thereafter was slow but uneventful. No further elevations in tem- 
perature occurred; the smaller nodules disappeared, and the wounds were com- 
pletely cicatricized in about four months. Four years later a tonsillectomy was 
performed. In one of the tonsils (which one, unfortunately, was not specified), 
there was observed a small area of confluent tubercles composed of epithelioid 
cells with little necrosis. 


SUMMARY 
A case of primary tuberculosis of the conjunctiva with involvement 
of the adjacent lymph nodes in a 9 year old child is reported.. Sys- 
temic extension did not take place, and the patient recovered under 
conservative treatment. 


Dr. Hugh Auchincloss and Dr. Howard Mason, who were in charge of the 
case, gave us permission to report it. 
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Clinical Notes 


CONTRIBUTIONS TO THE TECHNIC OF CORNEAL GRAFTING 


HERBERT M. KATZIN, M.D., NEW YORK 


N STUDIES which my associates and I have carried out in the Cor- 

neal Research Laboratory in conjunction with corneal transplantation, 
several details in the technic of the operation have been evolved which 
we feel are worthy of presentation. 


REPORT OF INVESTIGATION 


Method of Cutting the Graft-—The ideal method of cutting a corneal 
graft is one that would be completed with a sharp blade in one motion, 
without recourse to the use of scissors. Such a graft would always 
fit, without irregularities of the margin, and would involve a minimum 
of handling. Only a round graft could be cut in this manner, and this 
would best be done with a trephine. 

In our experience, the Green automatic spring-driven trephine ful- 
fils these requirements. To date, we have cut over 300 grafts from rabbit 
and human eyes. In over 90 per cent of these the corneal disk has been 


Fig. 1.—Green’s automatic trephine. 


excised completely with the trephine alone, not requiring the use of 
scissors. The blade is made with a protecting shoulder, so that the 
anterior chamber remains intact until the trephine is withdrawn. In no 
instance in our experience has the lens or iris been injured. 


In the beginning, we filled the anterior chamber with a cushion of 
fibrin, before trephining, to protect the lens against injury by the blade. 
later, this was discontinued as unnecessary. 


The automatic trephine bevels the graft as it cuts. The action of 
the blade is such as to cut the upper surface on the curve of the cornea, 
but by the time it reaches the lower layers the pressure of the instru- 
ment flattens the cornea somewhat, so that it is more nearly flat and 
the area is smaller. The bevel is about 15 degrees. 


It is possible to use a donor eye for two or three grafts. The 
first one is cut with an intact anterior chamber and so does not injure 


This work was done under a grant from the Ayer Foundation. 


From the Corneal Research Laboratory of the Manhattan Eye, Ear and Throat 
Hospital. 
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the underlying structures. Cutting the second will injure the lens and 
iris, but with care a third can also be removed. The very lightest 
pressure is used in operating the automatic trephine (fig. 1). 


Fig. 3—The suture speculum mask. 


Method of Fixation of the Graft—In rabbits, corneal grafting can 
be done without the use of fixation. The aqueous fibrin cements the 
graft in place until healing takes place. However, a certain percentage 


rN 
-Fig. 2—Diagrammatic placement of the suture. 
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of grafts are dislodged during the postoperative period, and these eyes 
generally become infected. We have not as yet tried the fibrin method 
in human subjects; so we have been using a suture which gives maxi- 
mum support with a minimum number of strands in a round graft. 
A single suture is preferred, to produce equal pressure on the graft. 
This suture outlines three equilateral triangles, with a common apex at 
the center. The knot is tied at the base of one triangle, where the 
first suture enters and the last emerges. This suture has four points at 
which the needle enters the cornea, with two long bites and two short 
ones in the corneal substance, spaced 1 mm. from the margin of the 
graft. The short 1-2 bite is passed first; the suture is then carried 
directly across the center of the graft, and then the 3-4 bite is placed. 


Fig. 4.—Curved scissors for completion of excision of the graft. 


The procedure is repeated at the 5-6 and the 7-8 positions. It can be 
seen that the important points to have accurately placed are at 3, 5 and 
7. Each of these points is an entering point for the needle; entering 
points are much easier to control than points of exit. Furthermore, 
when the suture is loosened and drawn aside, so that the button can be 
trephined, each of the loops lies flat; the 2-3 loop, the 4-5 loop and the 
6-7 loop. Each of these enters the cornea in the same direction, so that 
the suture material does not buckle when it is drawn aside (fig. 2). 

The Suture Speculum.—tin order to eliminate the use of the speculum 
and remove the weight of the lids from the globe, sutures are passed 
into the lids, about 2 mm. from the margin, and are fixed in the follow- 
ing manner: A thin aluminum mask, with a cut-out for the eyes and 
nose, is placed over the face on top of the drape. The outer edge of 
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the mask is notched to guide each lid suture, and the latter is clamped 
with a mosquito hemostat just below the edge of the mask (fig. 3), 
The Curved Scissors—When the graft is incompletely excised by 
the automatic trephine, so that excision must be completed with scissors, 
specially curved scissors are used. These are fashioned like ordinary iris 
scissors but with blunt tips; and the terminal 8 mm. is bent on a 5 mm. 
diameter curve, so that the blade follows the outline of the graft (fig. 4). 
Preservation of the Donor Eye.—While experiments are under way 
to develop methods of preserving danor corneas for longer periods, we 


Fig. 5—Glass chamber. 


have veen keeping the donor eyes in a moist chamber. This chamber 
consists of a glass cylinder, 40 mm. in diameter by 80 mm. in height. 
The top is fitted with a ground glass cap, and four indentations are blown 
in the sides, to make a constriction internally, with a diameter of 20 mm. 
The donor eye is kept, cornea up, resting on the constricted part. Ten 
cubic centimeters of sterile isotonic solution of sodium chloride is left 
in the bottom, so that the water vapor in the enclosed bottle keeps the 
cornea moist. In this manner, the donor eye can be kept in good condi- 
tion in a refrigerator at 3 C. for about three days. The duration 
depends on how freshly the eve is enucleated after death (fig. 5). 


Mis. Fannie Gruber and Miss Florence Schorske gave technical assistance in. 
this work. 


1148 Fifth Avenue. 
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BENCH FOR THE TEACHING OF OPHTHALMIC OPTICS 


ELEK LUDVIGH, Ph.D., BOSTON 


HE OPTICAL bench is an essential adjunct to laboratory instruc- 

tion in elementary ophthalmic optics. Nevertheless, the benches 
ordinarily employed are not designed for the teaching of ophthalmic 
optics and have many features which are undesirable for that purpose. 
I designed and had built an optical bench which in great measure has 
eliminated these undesirable features. The following discussion points 
out the difficulties experienced with the optical benches commonly avail- 
able and briefly states how these are overcome in the bench here 
described. 


One shortcoming of benches commonly available is that they are 
considerably too short. In experiments illustrating, for example, the 
dioptric effect of separating lenses or demonstrating the conoid of 
Sturm it is preferable to use lenses of relatively lower dioptric power 
and longer focal length than is possible with the ordinary bench, so that 
the adjustment of the lens and the screen is not critical. With the 
usual optical bench the lenses, screen and object are all crowded into a 
few centimeters, and it is not uncommon to see four students all trying 
to get their heads into the same place in space. By simply making the 
bench here described 2 meters long, this difficulty is avoided. (The con- 
stricted arrangement shown in figure 1 was selected to avoid excessive 
foreshortening in the photograph. ) 


A second difficulty derives from the fact that the usual optical bench 
provides for vertical adjustment of all its components. In the teaching 
of ophthalmic optics, this unnecessarily increases the likelihood that 
the student will misadjust the lenses. Since elementary ophthalmic 
optics does not consider the problem of the decentration of the crystal- 
line lens, about the only experiment which requires that the optical 
center of a lens be off the optical axis of the system is one in which the 
prismatic effect of decentering lenses is being demonstrated. In the 
bench here described, the lens carriers are so designed and machined 
as to cause all lenses to be at the same height, and no adjustment is 
provided which will go out of adjustment except in the instance of one 
special lens carrier used to demonstrate the prismatic effect of decentering 
lenses. 


A third difficulty, similar to the second, is attributable to the fact 
that the usual optical bench provides for rotation of the lens about a 
vertical axis. The only experiments in elementary ophthalmic optics 
requiring such rotation are the demonstration of astigmatism by 
oblique incidence and the demonstration of the prism dioptric power of 


From the Howe Laboratory of Ophthalmology, Harvard Medical School, 
and the Massachusetts Eye and Ear Infirmary. 


This study was supported in part by a grant made to the Howe Laboratory 
of Ophthalmology by the American Optical Company. 
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a prism not adjusted to provide minimum deviation. Here, again, the 
special lens carrier may be used for these two experiments, but the 
ordinary lens carrier provides for no such adjustment. 

A fourth defect is introduced by the locking of the carrier on the 
bench. This is, of course, a practical necessity when it is anticipated 
that a specific optical setup will be retained for several days, or even 
weeks. However, a specific problem in elementary ophthalmic optics 
is rarely left set up for more than a few minutes; then the students 


Fig. 1—Bench designed for the teaching of ophthalmic optics. 


Fig. 2—Apertures used with the bench shown in figure 1. 


proceed to the next experiment. Therefore, the locking feature is not 
necessary. It is not advisable because of the possibility of the lens 
going out of the desired position during the process of locking. This 
is particularly annoying when the lens carrier has a vertical member 
which supports the lens at a considerable height above the bench, so 
that a marked displacement along the optical axis of the system is pro- 
duced by a slight angular change occurring during the locking process. 
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The bench here described has no provision for locking the carrier to 
the bench, and it will also be noticed in the photograph that the lens is 
seated low on a solid machined block; this permits smooth, easy adjust- 
ment along the optical axis without tilting of the lens. Because of this 
design, the lens may easily be positioned to a fraction of a millimeter 
without distracting overshooting or undershooting of the desired position. 

The fifth deficiency is that the usual optical bench does not permit 
lenses to be placed close enough together. In demonstrating the conoid 
of Sturm, the various types of astigmatic eye and the effect of placing 
the spectacle lens in front of the eye rather than practically on it, it is 
desirable that two or more lenses be placed close together. When the 
lens carrier is capable of carrying only one lens, the two lenses must 
be placed in separate carriers. These lenses cannot be placed closer 
together than the width of the bases of the carriers, and as this width is 
reduced the base becomes unstable. This difficulty is obviated in the 
bench here described by having several slots in each carrier, as may be 
seen in the photograph. 

The usual optical bench is. not provided with certain stops, or checks, 
and apertures which are useful in the teaching of ophthalmic optics. 
Figure 2 shows several such apertures. The upper series of apertures 
may be used to demonstrate the effect of reducing the size of the pupil 
on the effect of a given refractive error. The stop with the two holes 
in it can be used to demonstrate Scheiner’s experiment; that with the 
four holes, to demonstrate spherical aberration, as well as the skewness 
of rays in the oblique meridians of an astigmatic system. The stop 
with the cross-shaped aperture is, of course, employed in the study of 
such problems as the astigmatic eye, and the use of astigmatic dials 
and the cross cylinder. 


SUMMARY 


Because of the inherently simple requirements of optical benches 
intended to be used exclusively for instruction in ophthalmic optics, 
it has been possible to design and build an optical bench which is more 
satisfactory, cheaper and more rugged than the optical benches intended 
for general use. 


This bench and the auxiliaries were made for me by Mr. C. Settino, of 7 Iowa 
Street, Boston. 


243 Charles Street (14). 


News and Notes 


Epitep BY Dr. W. L. BENEDICT 


UNIVERSITY NEWS 


Washington University School of Medicine Refresher Course in 
Ophthalmology.—The department of ophthalmology of Washington 
University School of Medicine, St. Louis, has announced that its annual 
refresher course will be given from June 9 through June 28 of this year. 
The course is purely didactic, consisting of ninety-eight hours of lectures. 
The subjects covered will include corneal diseases; ocular therapy, 
surgery, anatomy and pathology ; embryology of the eye; fever therapy; 
neuro-ophthalmology ; headache ;_ allergy; office laboratory procedures; 
industrial ophthalmology ; the place of radiology in ophthalmology, and 
the association of dermatology with ophthalmology. 

The tuition is $150, and the only prerequisite is a minimum of one 
year’s training in ophthalmology. The course is designed to refresh 
the busy ophthalmologist, to serve as a review for the candidate for 
admission to the American Board of Ophthalmology and to enable the 
returned physician-veteran to reacquaint himself with his specialty. 

Further details may be obtained from Richard G. Scobee, M.D., 
director of graduate training in ophthalmology, Washington University 
School of Medicine, 640 South Kingshighway Boulevard, St. Louis 10. 


PERSONAL NEWS 


_ Dr. Bernard Samuels, Montgomery Lecturer.—Dr. Bernard 
Samuels, New York, will give the Montgomery Lecture at the annual 
meeting of the Irish Ophthalmological Society, Trinity College, Uni- 
versity of Dublin, Dublin, Ireland, on May 22, 1947. The subject 
of his address is “The Problem of Sympathetic Ophthalmia.” 


Appointment of Dr. Trygve Gundersen—Dr. Trygve Gundersen 
has been appointed assistant professor of ophthalmology at Harvard 
Medical School. : 

GENERAL NEWS 


The Delta Gamma Fraternity Project Sight Conservation and 
Aid to the Blind—The Delta Gamma Fraternity, an international 
organization of college women, announces the establishment of a fund 
for scholarships in the fields of prevention of blindness and _ sight 
conservation, exemplified by specialized prevention study, training of 
orthoptic technicians, training of teachers for sight-saving classes and 
training of workers for the preschool blind. 

Information on basic qualifications for the various fields will be 
sent on request. Application blanks may be secured from Mrs. Richard 
P. Miller, 39 West Jefferson Road, Pittsford, N. Y. 

Advising the fraternity’s council and project committee in the selec- 
tion of candidates and administration of the fund is a professional 
committee consisting of: Le Grand Hardy, M.D., chairman, president 
of the American Orthoptic Council; Mrs. Virginia S. Boyce, admin- 
istrative assistant, National Society for Prevention of Blindness; Miss 
Ruth E. Lewis, professor of social work, George Warren Brown School 
of Social Work, Washington University ; Miss Ruth B. McCoy, assistant 
director, New York State Commission for the Blind; Lillian Ray 
Titcomb, M.D., president of executive committee, Nursery School for 
Visually Handicapped, Los Angeles. 
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Abstracts from Current Literature 


EpiteEp By Dr. WILLIAM ZENTMAYER 


Blind 


BLINDNESS IN TONKIN. PreRRE KELLER, Arch. d’opht. 4: 101, 1941- 
1942. 


This paper is a review of the causes of blindness in Tonkin, French 
Indo-China. The causes of blindness in their order of frequency, are: 
(1) external causes, (2) glaucoma, (3) panophthalmitis, (4) staphy- 
loma, (5) ophthalmomalacia, (6) tumor, (7) atrophy of the optic nerve 
and disease of the fundus and (8) gonorrhea. Statistics indicate a 
great predominance of bilateral loss of vision in the cases of blindness 
due to gonococcic conjunctivitis, which occurred with about equal 
frequency in children and adults. In the cases of unilateral blindness 
adults predominated. Children were more frequently affected by 
external causes, with a greater predominance of unilateral blindness. 
Glaucoma affected adults only, the chronic form being responsible more 
often than the acute. Blindness from panophthalmitis was always 
unilateral and was less frequent in children than adults. Staphyloma 
was usually unilateral and was more frequent in adults, especially 
women. Ophthalmomalacia affected children only between the ages of 
1 and 5 years. Tumor was as frequent in children as in adults. 
Neuroretinitis, most often bilateral, affected men more often, both eyes 
being involved. Detailed tables accompany the paper. The author 
points out that considerable education and organization will be neces- 
sary before much improvement can be expected. He estimates that 
there are about 30,000 blind persons and 30,000 one-eyed persons in the 
population of 7,000,000. S. B. Mantow. 


Conjunctiva 


PENICILLIN IN GoNococcic Conjunctivitis: Its Use 1n 30 CAsEs, 
COMPARED WITH THE SULFONAMIDES IN 173 Cases. P. M. Lewis, 
Am. J. Ophth. 29: 694 (June) 1946. 


Lewis concludes that the sulfonamide compounds and _ penicillin, 
especially the latter, are amazingly effective in the treatment of gono- 
coccic infections of the eye. He recommends both in cases of severe 


infection. W. S. REESE 


VALUE OF PHLYCTENULAR CONJUNCTIVITIS IN DIAGNOSIS AND TREAT- 
MENT OF INFANTILE TuBEerRCULOsIS. M. A. Dottrus, Arch. 
d’opht. 4: 26, 1941-1942. 


The author reviews 51 cases of phlyctenular conjunctivitis, in 49 
of which a positive reaction was obtained to the von Pirquet test. 
While local treatment of symptoms referable to the nose and throat 
should be carried out, the purpose of this paper is to emphasize the 
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necessity of not considering phlyctenular conjunctivitis a purely local 
condition. The author believes that in the presence of this condition 
a cutaneous test and roentgenogram of the chest are imperative, 
In 19 cases of the series studied definite contact with a source of 
infection was demonstrated. S. B. Martow. 


SYMBLEPHARON WITH SERIOUS DISTURBANCES OF MortTILity: Report 
oF A Case. E. V. Berrotro, An. argent. de oftal. 6:98 
(July-Sept.) 1945. 


A patient after a fall showed a partial anterior symblepharon, with 
deep adhesions extending from the bone to the eyeball, thus limiting 
the movements of the globe, and accompanying disfiguration. The head 
was held in an awkward position in order to avoid diplopia and attract 
attention to the defect. Operations completely cured the conjunctival 
synechias, reconstructed the fundus of the inferior cul-de-sac entirely 
and largely eliminated the difficulty of directing the left eye upward 
and to the right. M. E. ALvano 


Comparative Ophthalmology 


Eyre ConpITIONS AMONG CHILDREN OF PREMATURE, FULL TERM, AND 
HyYPERMATURE BirtH. T. H. Eames, Am. J. Ophth. 29:57 
(Jan.) 1946. 


One hundred and fifty-five children who were born before comple- 
tion of the normal term of pregnancy or who weighed 5% pounds 
(2,994 Gm.) or less at birth are compared with 439 children born at 
full term or with a weight at birth of more than 514 pounds. These 
two groups are compared with a smaller group of children born during 
or later than the tenth calendar month. The outstanding tendencies 
noted are the higher frequency of low vision at all the ages studied 
among the children born prematurely and the poorer median visual 
acuity through the ninth year in the same group. The presence of 
somewhat comparable defects and deficiencies in the premature and 
hypermature groups provides a suggestion that hypermaturity may 
prove to be of similar, but probably less, importance than is prematurity 


as an initial handicap. W. S. REEsE. 


Cornea and Sclera 


DIFFERENT TYPES OF METALLIC IMPREGNATION OF THE CORNEA. 
VerRA BiscHter, Arch. d’opht. 4: 114, 1941-1942. 


The author discusses only the changes due to silver salts. They 
are divided into two main types: (1) changes following medication 
with various silver salts, either externally or interna]ly, and (2) changes 
depending on the character of the work performed. The cases of 
silver impregnation of the cornea described in the recent literature are 
reviewed, together with their characteristics on examination, both 
without and with the slit lamp and the corneal microscope. A personal 
observation on a man aged 70, a silver engraver, who presented a 
Kayser-Fleischer ring, is described. A full bibliography is appended. 


S. B. Marrow. 
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‘TREATMENT OF SERPIGINOUS CORNEAL ULCERS WITH ALBUCID. 
M. Krasnov, Vestnik oftal. 23:22, 1944. 


Krasnov treated 45 patients with serpiginous ulcer of the cornea 
with instillations of a 30 per cent solution of sulfacetimide every two 
hours or an ointment containing the drug in 30 per cent concentration. 
Atropine was also used. The majority of the patients entered the 
hospital with an advanced stage of the ulcer, more than ten days after 
the beginning of the disease. 

There was pronounced improvement in a few days after this treat- 
ment; the hypopyon gradually disappeared; there was not a single 

rforation of the cornea, and the scar was usually rather fine. As a 
result, fairly good vision was obtained in about 40 patients. Krasnov 
states that weak solutions (10 per cent) of sulfacetimide were not 


effective enough. O. SITCHEVSKA. 


General Diseases 


BLINDNESS FOLLOWING HAEMATEMESIS. JAMES BLAcK, Brit. M. J. 
2:920 (Dec. 29) 1945. 


The author gives a brief review of the literature of blindness fol- 
lowing gastrointestinal hemorrhage and reports the following case: 

A coal miner aged. 53 was admitted to the hospital on Aug. 18, 1945, 
with a history that during the preceding three weeks he had felt run 
down, with occasional abdominal pain and the presence of a streak 
of blood in the stools. On August 15, while sitting at home in a 
chair, he suddenly collapsed and lost consciousness for ten minutes. 
On recovering, he vomited a quantity of bright red blood and also 
passed a tarry stool some time afterward. Three days later, on 
awakening, he found that he was totally blind in the left eye and 
that sight in the right eye was reduced to appreciation of hand move- 
ments. Then, in fifteen minutes the right eye became totally blind. 

The ophthalmoscope revealed that the nerve heads were hyperemic 
and somewhat swollen (2D.); the arteries were greatly constricted, 
while the veins were dilated. The cerebrospinal fluid was under 
200 mm. of pressure. He was given 134 pints (710 cc.) of blood of 
group O by intravenous drip, which was followed by gradual improve- 
ment in his general condition, but he remained completely blind. 

The author emphasizes the marked contraction of the retinal arteries. 
and expressed the belief that a routine inspection of the eyegrounds 
for early changes is important. An early blood transfusion may possibly 
arrest the changes in the eyegrounds. 


ARNOLD KNApP, 
Hygiene, Sociology, Education and History 


BELGIAN OPHTHALMOLOGY DuRING THE War. F. BoNHOMME and’ 
Acatston, Am. J. Ophth. 29: 674 (June) 1946. 


-Bonhomme and Agatston review the history of the period of occu- 
pation, the period of liberation, the influence of the war on ocular 
diseases and various ocular disorders related to the war. 


W. S. REEsE. 
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Injuries 


INTRA-OCULAR FoREIGN BoprEs: PROBLEMS OF LOCALIZATION AND 
OPERATIVE ProcepuRE. J. Kraus and W. A. Briccs, Brit. J, 
Ophth. 29: 557 (Nov.) 1945. 


A new localizer for intraocular foreign bodies consists of the follow- 
ing parts: 

A head rest with clamping devices attached is used to attain com- 
plete immobilization of the head. Attached to the cross bar for the 
forehead is a small unit designed to work in fine adjustment, carrying 
indicators which can be moved l!aterally, up and down and to and from 
the eye. These indicators are partly of radiopaque and partly of non- 
radiopaque material. X-ray casette holders and perimeter with spot 
light are provided. ‘The geometric principles of the calculations are 
given. The operative technic used is a modification of Stallard’s neces- 
sary to, suit the new localization, with an alteration in the area of 
diathermy application and a different scleral stitch. The problem of 
diathermy and magnetism is discussed, and advice is offered on how 
to regulate and use the diathermy apparatus to avoid complications, 
A newly designed forceps for extractions of nonmagnetic foreign bodies 
is described. 

The article is illustrated. W. ZENTMAYER. 


OPHTHALMIC TREATMENT IN THE Fietp, 1943. G. C. DANsey- 
3ROWNING, Brit. J. Ophth. 30: 26 (Jan.) 1946. 


An analysis was made of the 129 ophthalmic casualties treated in 
a mobile ophthalmic unit in the Sicilian and the South Italian campaigns. 
The types of wounds encountered and their treatment in the field are 
outlined. The results of such treatment and the final visual capacities 
of the treated eyes some two years later are indicated. 


W. ZENTMAYER. 
Lacrimal Apparatus 


RESTORATION OF PATENCY OF THE NASOLACRIMAL Duct By MEANS 
OF A VITALLIUM Tusr. W. E. Mutpoon, Am. J. Ophth. 28: 1340 
(Dec.) 1945. 


Muldoon reports 4 cases in which he inserted a vitallium tube into 
the bony lacrimonasal duct through the lower part of the sac. The 
procedure is designed only for cases of obstruction of the duct. 


W. S. REESE. 


DACRYOSINUSITIS SIMULATING DACRYOCANALICULITIS. R. F. PEREIRA 
and E. E. Torosa, Arch. de oftal. de Buenos Aires 20: 288 (July- 
Aug.) 1945. 


The authors present a case in which a purulent discharge oozing 
from the upper canaliculus led to an erroneous diagnosis of dacryo- 
canaliculitis. The patient, a woman aged 40, complained of a discharge 
from the right eye of long duration. Pressure on the lacrimal sac did 
not produce discharge of pus through the canaliculi, but when pressure 
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was made on the upper canaliculus pus appeared at its opening. The 
lacrimal passages were impervious. The patient was treated by incising 
the upper canaliculus. Suppuration, however, was increased after the 
operation. Further investigation showed that there was a direct com- 
munication from the upper canaliculus into the nasal cavity. Roent- 
genographic study showed the presence of maxillary and ethmoidal 
sinusitis. 

The condition of dacryosinusitis is discussed fully. The fact is 
stressed that in the present case the upper canaliculus was the only one 
suppurating. The article is illustrated, and an extensive bibliography is 


given. H. F. 


Neurology 


MYASTHENIA GRAVIS AND Its OcuLar Signs: A Review. F. W. 
Walsh, Am. J. Ophth. 28: 13 (Jan.) 1945. 


This study of the ocular signs of myasthenia gravis is based on 
63 proved cases of the disease, approximately 25 per cent of the patients 
having first consulted ophthalmologists. Walsh states that this study 
contributes nothing to what has already been reported regarding the 
ocular signs of myasthenia gravis. However, he makes the following 
observations: Ocular symptoms and/or signs were present in all cases. 
A purely “ocular” form of myasthenia gravis was observed in several 
instances, but in such cases there is always the possibility of spread of 
the weakness. The ocular symptoms and signs usually appeared early 
in the course of the disease, but occasionally they were a late develop- 
ment. Ptosis was the most constant sign; edema of the lids was 
an infrequent prodromal sign. Retraction of the lids was a rare com- 
plication which was observed in 1 case after chronic ptosis. 

The similarity of abnormal associated movements of the lids in 
myasthenia gravis and those resulting from misdirection of regenerated 
fibers of the third nerve is noted. An explanation of the phenomena 
referable to the lids in cases of myasthenia gravis is not attempted. 
Weakness of the orbicularis oculi muscle may occur in the absence 
of ptosis or with it. Probably weakness in closure of the lids is over- 
looked more often than any other common ocular sign. 

Limitation of ocular movements occurs unilaterally or bilaterally 
and in almost all combinations. When pupillary abnormalities are 
present, it is doubtful whether the case is one of myasthenia gravis. 
Changes in accommodation were observed in only 1 case. The visual 
fields and the visual acuity were not altered. The similarity of the 
ocular signs seen in cases of myasthenia gravis and those associated 


with thyroid disorders is noteworthy. W. ZENTMAYER. 


Ocular Muscles 


ExXoPHTHALMIC OPHTHALMOPLEGIA AND Its RELATION TO THYRO- 
toxicosis. I. MANN, Am. J. Ophth. 29: 654 (June) 1946. 


Mann reports 18 cases in an attempt to assess the various signs 
and symptoms met with in so-called exophthalmic ophthalmoplegia. 
She concludes that the signs of excess thyroxin include loss of weight; 
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rapid pulse; increased basal metabolic rate; soft, moist skin; lid 
retraction, and lid lag (von Graefe’s sign), whereas the signs of excess 
thyrotropic hormone of the anterior lobe of the pituitary gland consist 
in edema and infiltration of the orbit, lid and conjunctiva—hence, 
proptosis, ophthalmoplegia, fundic changes (papilledema, engorgement 
and macular exudate), edema of the lids, chemosis and eversion of the 
conjunctiva—all of which may or may not be associated with deficiency 
of thyroxin. The latter shows itself in a low basal metabolic rate, 
gain in weight, thick, coarse skin, and slow pulse. © W. S. Reese 


PARALYSIS OF THE EXTERNAL Rectus Muscle: TREATMENT BY 
TRANSPLANTATION OF THE SUPERIOR AND INFERIOR REctus 
Musctes. L. A. Gatto and P. Novix, An. argent. de oftal. 
6: 101 (July-Sept.) 1945. 


The authors present the case history of a patient showing paralytic 
strabismus of the external rectus muscle of the right eye. Hummel- 
sheimer’s operation was performed, with satisfactory results, an abduc- 
tion of 60 degrees being at times obtained. M. E. Arvaro. 


Parasites 


INTRAORBITAL HypatTip Cyst. I. Martini Z., Arch. chilena de oftal. 
1:17 (July-Aug.) 1944. 


A case of intraorbital hydatid cyst is reported in a woman aged 20. 
The condition was of five months’ duration and was initiated with 
severe pain and redness in the right eye, accompanied with swelling at 
the inner angle of the fissure. The pain subsided, but the eye began 
to protrude and vision was lost. Later the eye was pushed entirely 
out of the orbit by a tumor presenting at the inner angle. The growth 
was removed, and the globe was replaced in the orbit. The article is 


illustrated. H. F. Carrasouitro. 


TREATMENT OF OCULAR MyrtAsis WHEN LOCALIZED IN THE ORBIT. 
A. DetMANTO, Publicacgdes méd. 17: 155 (Aug.) 1945. 


In order to expel the parasite, the orifice of the entrance is enlarged 
a few millimeters, and a rubber tube is introduced until it meets with 
resistance. A solution of mercuric cyanide is injected into the external 
opening of the tube. The area about and the tip of the tube are coated 
with an ophthalmic ointment having a sulfonamide base. The tube 
prevents obstruction of the canal, and the air-proof ointment, together 
with the mercuric cyanide, produces an unbreathable atmosphere and 
forces the parasite to leave voluntarily in search of air. 


M. E. Atrvaro. 
Refraction and Accommodation 


EFFICIENCY 


A Cuirinicat Concept. J. I. Pascat, Brit. J. 


Ophth. 30: 291 (May) 1946. 


The variable of lens power not dependent on distance from the 
eye may be called its “efficiency” and is indicated as positive or negative. 
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A person with corrected, as well as uncorrected, hypermetropia 
accommodates more, and a person with myopia accommodates less, than 
the emmetropic person for the same distance. On this basis, the plus 
lens of less power which replaces a given amount of accommodation 
has positive efficiency, and a plus lens of greater power which replaces 
a given amount of accommodation has negative efficiency. 

For the subject with natural emmetropia the basic accommodation 
unit is 1D., but the basic accommodation unit for the subject with cor- 
rected ametropia is always either more or less than 1D. The difference is 
of special significance in the correction of anisometropia in the presbyopic 
patient. In this case the eye having the least refraction is under- 
accommodated and the other eye is overaccommodated for a given 
distance. In cases of total presbyopia the same addition for the eyes 
will put both in focus for a chosen distance, regardless of the refraction. 

The form and thickness of the correcting lens are also factors. 

A table gives the values calculated for lens and accommodation 


efficiency based on the results with the lens placed 20 mm. from the 


first principal plane of the eye. W. Zawvwavek 


Retina and Optic Nerve 


JUVENILE DiscirFoRM DEGENERATION OF THE Macura. H. Lucic, 
Am. J. Ophth. 28: 965 (Sept.) 1945. 


Lucic reports his observations in 10 cases of juvenile disciform 
degeneration of the macula, including the results of microscopic exam- 
ination in a case in which the condition was mistaken for a tumor. 
He suggests that the senile and juvenile forms are merely different 
degrees of the same disease. W. S. Reese. 


ALLERGIC RETINOSIS. J. W. BetrmMAn, Am. J. Ophth. 28: 1323 (Dec.) 
1945. 


Bettman briefly summarizes the experimental evidence and clinical 
reports of retinal allergy and describes the case of a highly allergic 
patient who had edema of the macula. Vision definitely increased on 
two occasions within a half-hour after administration of epinephrine 
and finally subsided with epinephrine therapy. W. S. Reese. 


SOLAR EcLipsE—BurN oF Macutra. E. C. Zoras, Brit. J. Ophth. 30: 
82 (Feb.) 1946. 


A guardsman ‘aged 27 observed a partial eclipse of the sun through 
a pair of smoked glasses. Four days later he complained of obscured 
vision in the left eye. Vision in the right eye was known to be poorer 
than that in the left, presumably due to prolonged exposure to the sun. 
In the left eye there was a shadow the exact shape of the uneclipsed 
portion of the sun. At each macula the light reflex was replaced by 
a dark red spot, in the center about 0.25 mm., surrounded with a pale 
area. Twelve days later the left macula had a central light reflex. 
The scotoma was still present in the right field of vision. 
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It is difficult to decide whether this man has a true macular burn 
in each eye, in the right as a result of prolonged exposure in the desert 
and in the left as a result of a few seconds’ exposure to the sun, or 
whether the case is one of primary macular degeneration. 


W. ZENTMAYER,. 


RELATION OF Carotip Sinus TO RETINAL CIRCULATION. RISER, 
PLANQUES, CouADAU and SEIGNEURIC, Presse méd. 53: 161 
(March 31) 1945. 


Riser and his associates report observations on 50 subjects in whom 
they determined simultaneously the retinal arterial tension and the 
general arterial tension while performing various manipulations on the 
carotid sinus, such as digital compression of the sinus region, inhibi- 
tion of the sinus by procaine hydrochloride and compression of the 
carotid artery below the sinus. They stress that the variation pro- 
voked in the general and in the retinal arterial tension by excitation 
of the carotid sinus are always synchronous and of the same amplitude. 
There never appeared a direct action of the sinus on the retinal circu- 
lation that could be separated from the action on the general circulation. 


J. A. M. A. (W. ZENTMAYER.) 


THROMBOSIS OF THE RETINAL VEINS AND ITs TREATMENT WITH 
ROENTGEN RapIATION. R. Contarpo A. and A. Peratcta G,, 
Arch. chilena de oftal. 1: 22 (July-Aug.) 1944. 


The authors discuss fully thrombosis of the retinal veins and 
describe in detail its treatment with roentgen radiation. They treated 
7 patients, starting with a dose of 100 r and continuing with doses of 
50 r until ten treatments had been given in 3 cases of thrombosis of 
the central vein and with half that dose in 4 cases in which branches 
of the vein were affected. In 5 of these cases the causative factor was 
hypertensive disease; in 1 case arteriosclerosis, and in the other, focal 
infection (infected tonsils). The results of treatment were gratifying, 
vision being improved from counting fingers to 5/5 in some cases. 

The authors conclude that roentgen therapy is indicated in cases 
of thrombosis produced by external compression of the vessel and 
subsequent formation of thrombus (arteriosclerosis, neoplastic metas- 
tasis) and of occlusions due to inflammation of the walls of the vein. 
Treatment with anticoagulants is indicated when a blood dyscrasia 
is the cause or when the occlusion is brought about by stagnation pro- 
duced by arterial spasm. In the last group the action of the anti- 
coagulants must be accompanied with the use of vasodilators. 


H. F. 
Optic Neuritis OccurrING DurinGc LActaTion. J. MALBRAN and 


J. B. Zupitiaca, Arch. de oftal. de Buenos Aires 19: 473 ( Nov.) 
1944, 


The authors report 2 cases of optic neuritis occurring during the 
lactating period in 2 primiparous women, aged 23 and 24. The condi- 
tion made its appearance two and fourteen weeks after labor, respectively. 


. 
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Both patients suffered from severe headache. The ophthalmoscopic 
and campimetric findings were typical of optic neuritis. Vision was 
reduced to the counting of fingers. Lactation was stopped in both cases, 
and the condition disappeared. Normal vision was regained. The 
authors discuss the etiopathology of this type of neuritis. 


H. F. CARRASQUILLO. 


HyPERTENSIVE CONDITIONS AND RETINOPATHY. H. BERGLUND, Nord. 
Med. 27: 1809 (Sept. 14) 1945. 


Berglund discusses types of retinopathy which are accompanied 
during at least a part of the course with severe hypertension. The 
hypertensive disorder in which changes in the retina are especially 
important is essential hypertension. Ophthalmoscopy is valuable in 
distinguishing malignant from benign hypertension. After sympathec- 
tomy the retinopathy at times regresses almost completely. This 
improvement is contrasted with the equally complete, but transient, 
regression sometimes attained by prolonged rest in bed and administra- 


tion of sedatives. J. A. M. A. (W. ZeNTMAYER). 


Tumors 


PRIMARY MALIGNANT TUMORS OF THE ORBITAL MUSCULATURE. 
G. Orrret, Arch. d’opht. 4: 1 and 81, 1941-1942. 


The author divides these neoplasms into two types: (1) tumors 
with characteristics of muscle, whether or not they arise from a muscle, 
and (2) tumors involving one or more muscles and which are not due 
to extension from a neighboring growth and are not metastatic. 
Fibroblastic sarcoma, polymorphous sarcoma, rhabdomyosarcoma, leio- 
myosarcoma, round cell sarcoma and reticular sarcoma are each dis- 
cussed separately, with illustrative cases from the literature. A per- 
sonal case of rhabdomyosarcoma in a girl aged 9 years is presented 
in some detail, with photographs and complete microscopic study. 

It is pointed out that these tumors can be diagnosed only by biopsy. 
These tumors recur rapidly and sometimes metastasize. Surgical inter- 
vention should be reduced to a minimum. The growth should be 
treated preferably by roentgen radiation or radium. Surgical extirpa- 
tion after adequate radiotherapy may prove to be the choice of treatment. 


S. B. Martow. 


PRIMARY EPITHELIOMA OF THE MEIBOMIAN GLAND WHICH INVADED 
THE ORBIT, WITH DESTRUCTION OF THE EYE: REPORT OF A CASE. 
Y. SHojr, Arch. d’opht. 4: 32, 1941-1942. 


The author states that in 1922 Giovanni found reports in the litera- 
ture of 40 cases of tumor of the meibomian gland, 24 of which were 
adenomas and 16 epitheliomas. Several cases have been described in 
Japanese and therefore are not known abroad. Seven Japanese cases 
are abstracted, and a personal case is described in detail, with accom- 


panying photographs. S. B. Martow. 
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UNRECOGNIZED INTRAOCULAR TUMORS: REPORT OF Two CASEs, 
C. Dejyean, Arch. d’opht. 4: 38, 1941-1942. 


The author reports the finding of an intraocular tumor in 14 eyes 
removed because of glaucoma, in 2 of which the presence of a tumor 
had not been suspected by several ophthalmologists. Unrecognized 
tumors of the globe appear to be rather frequent. The importance of 
early diagnosis is discussed. Every glaucomatous eye should be looked 
on as a possible site of tumor. S. B. Martow. 


CONGLOMERATE TUBERCULOMA OF THE CHOROID. D. A. SAGGESSE 
and A. C. Decoup, An. argent. de oftal. 5: 84 (July-Sept.) 1944. 


A child 2% years of age presented a typical amaurotic “‘cat’s eye” 
on the left side. The diagnosis of glioma was made, and enucleation 
was advised. Consent to operation, however, was not given. One 
month later evidences of secondary glaucoma were present. A Mantoux 
test in a 1: 100 dilution gave a positive reaction, and physical examina- 
tion, revealed the presence of pulmonary tuberculosis. The mother had 
the same disease. 

The eye was enucleated. Anatomicopathologic examination of the 
specimen showed a conglomerate tuberculoma of the choroid. 

A discussion of this condition follows, with numerous citations from 
the literature. The article is illustrated with photomicrographs. 


H. F. CarrasQuttto. 


FusiFoRM MELANOSARCOMA OF THE IRIs. J. ReEMONDA and L. VY. 
Ferraris, Arch. de oftal. de Buenos Aires 19: 345 (Sept.) 1944. 


The authors present a case of melanosarcoma of the iris in a boy 
aged 13 who was observed for five years prior to operation. At the 
first examination the author observed in the iris of the right eye a lead- 
colored tumor, the size of a pinhead. There were other pigmented areas, 
which at present are not raised. The eye was otherwise normal, and 
the general physical examination also revealed nothing abnormal. During 
the first three years of observation the growth exhibited no change. 
After this the mass began to grow and in the six months prior to 
operation increased considerably in size, taking on a lobulated, cauli- 
flower appearance. The tumor was then removed by means of a large 
iridectomy. Histopathologic examination of the tissue showed the 
characteristics of a melanosarcoma. The boy has been kept under 
observation, and no further change has been noted in the eye. 


H. F. 
Uvea 


AcuTE CryYPTOGENIC LymMpHocyTIC UVEOMENINGITIS AND HARADA’S 
Disease. BessteRE and L. Corcettr, Arch.d’opht. 5: 344, 
1945. 


Harada’s disease is characterized by bilateral uveitis with detachment 
of the retina, general and neurologic symptoms, auditory disturbances 
and abnormalities of the hair and pigment of the skin. The authors point 
out that this syndrome is rarely complete and present 2 cases of bilateral 
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uveitis associated with meningeal and encephalitic symptoms but lacking 
auditory disturbances and abnormalities of the skin and hair. They 
describe a third case in which the etiologic factor was apparently 
similar. They believe that Harada’s disease and some of these incomplete 
syndromes have the same origin. The etiologic factor has not been 
definitely demonstrated. - S B. Mamow. 


TRANSFUSION OF BLOOD AND BLoop PLASMA IN TREATMENT OF TRAU- 
MATIC B. Protopopov, Vestnik oftal. 23: 12, 1944. 


One hundred and twenty patients who had severe traumatic irido- 
cyclitis were given blood transfusions every five to seven days, for 
a total of one to four transfusions. Most of the patients had penetrating 
intraocular injuries from mine fragments. In patients with intraocular 
foreign bodies the transfusions were given after removal of the foreign 
body. Protopopov believes that the blood transfusion has a stimulating 
effect on various tissues and organs and possibly acts as a desensibilizer. 
He gives the following summary: 

Of 100 patients with severe traumatic iridocyclitis blood transfusion 
gave stable and marked improvement in 35 patients; in 44 patients 
the improvement was slight or transitory. In 19 patients there was 
no improvement, and in 2 patients the transfusion aggravated the process. 

Blood transfusion as a therapeutic measure with iridocyclitis gives 
a better effect than the usual foreign therapy or tissue transplantation. 

In some patients the transfusion, was more effective than intra- 
venous injections of methenamine, dextrose or sulfanilamide. 

Blood transfusion should be combined with general and local thera- 
peutic measures. 

Transfusion of blood plasma did not improve appreciably the 
iridocyclitis of 20 patients. O. Srrcmevsxa. 
Vision 
Vision IN INpustRy. I. B. Lueck, Am. J. Ophth. 29: 63 (Jan.) 1946. 

Lueck uses the report of the Committee on Industrial Ophthalmology 
of the Section on Ophthalmology of the American Medical Association, 
read before the Fourth Annual Congress on Industrial Health in 
Jan. 13, 1942, as a basis for discussion of vision in industry, especially 
as to individual abilities and particular industrial requirements. 


W. S. REESE. 


A New INSTRUMENT FOR DARK ADAPTATION Tests. W. Kocu, Brit. 
J. Ophth. 29: 234 (May) 1945. 


Koch describes an instrument which is relatively cheap, easy to 
construct and apparently reasonably reliable. 


After a description of the apparatus, the author calls attention to 
sources of error and the manner of performing the tests and gives 
practical hints. 


The calibration of the apparatus is based on the assumption that 
the average final threshold of healthy children is 2.5 log units of 
millimicrolamberts. 
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Aiter the calibration, a group of 352 normal children, aged 6 to 14 
years, were tested, and these also yielded a mean final threshold of 2.5 
log units of millimicrolamberts, the standard deviation being 0.161 
log unit. Data on standard deviations for children are not available, 
but this figure corresponds reasonably well with the values for adults 
reported by Hunt and Hayden. These authors found among subjects 
less than 40 years of age a standard deviation of 0.250 log unit (mean, 
2.698) and among subjects 40 years of age and older a standard 
deviation of 0.328 log unit (mean, 3.010). Michaelson, working with 
the apparatus, gives in a recent paper a mean of 3.0 log units and a 
standard deviation of 0.33 log unit of as normal for adults (Brit. J, 
O phth, 28: 458, 1944). : 

Taking the mean plus twice the standard deviation as the probable 
limit of normality, a final threshold of over 2.82 log units in our apparatus 
may be considered as suspicious, while a threshold of over 2.98 (mean 
plus three times the standard deviation) is definitely abnormal for 
children. For normal limits in adults Michaelson’s paper may be 


consulted. W. ZENTMAYER. 


Therapeutics 


THE VALUE OF PENICILLIN IN THE TREATMENT OF SUPERFICIAL 
INFECTIONS OF THE Eyes AND Lip MarcIns. T. CRAWFORD and 
E. F. Kine, Brit. J. Ophth. 28: 373 (Aug.) 1944. 


The purpose of this investigation was to determine the clinical and 
bacteriologic results of local application of penicillin in cases of con- 
junctivitis, corneal ulceration and blepharitis. Cases were selected to 
represent clinically the following four types: conjunctivitis, of some 
severity, with well marked injection and discharge but without secon- 
dary involvement of the cornea; conjunctivitis, again of some severity, 
with additional secondary corneal infiltrations, either superficial and 
diffuse or marginal; conjunctivitis with a single large secondary corneal 
ulcer or infiltration, the clinical picture being dominated by the localized 
corneal infection, and blepharitis, chronic and severe. All the patients 
were prone to frequent and disabling subacute exacerbations of the 
infection. 

Two preparations of penicillin were used—a sterile aqueous solu- 
tion containing 250 units per cubic centimeter and an ointment con- 
taining 250 units per gram of base. 

As a local therapeutic measure for superficial infections of the con- 
junctiva, cornea and lid margins, the authors find that penicillin far 
excels any agent they have hitherto employed. Moreover, it would 
seem highly effective in cases of stubborn infection which has proved 
resistant to the usual methods of treatment. 

From the bacteriologic viewpoint, penicillin, as employed in this 
investigation, eradicates sensitive organisms from the conjunctiva in a 
few days. It cannot, however, prevent reinfection after the cessation 
of treatment, and the authors saw no reason to believe that effective 
therapy with penicillin established any immunity to recurrent infection. 
In this connection, it is noteworthy that in the cases of this series in 
which bacteriologic relapse occurred the organisms causing the relapse 
were as sensitive to penicillin as were those in the original infection. 
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This investigation was sponsored by the consulting ophthalmologist 
to the army, in collaboration with the director of pathology. 


W. ZENTMAYER. 


PENICILLIN IN OPHTHALMIC THERAPEUTICS. A. J. CAMERON, Brit. 
M. J. 1: 222 (Feb. 17) 1945. 


To find out what effect the drugs usually used in clinical ophthal- 
mology have on the activity of penicillin, the author, in conjunction 
with S. T. Cowan, made the following tests with atropine, physostig- 
mine, epinephrine, cocaine, decicain (tetracaine hydrochloride), strong 
protein silver and fluorescein. These were used in twice the customary 
strength, except for epinephrine, which was employed in the usual 
strength. 

The drugs under examination were mixed with penicillin (2 units 
per cubic centimeter) in equal volumes and were kept at 37 C. for 
three hours. They were then pipetted into porcelain cylinders on plates 
sown with the Oxford staphylococcus H. The plates were incubated 
overnight, and the diameter of the zone of inhibition was measured. 
Strong protein silver was found to inhibit the growth to the same 
extent as the mixture of strong protein silver and penicillin. No other 
drug had any inhibitory action on the staphylococcus ; epinephrine, how- 


ever, inactivated the penicillin in the mixtures. Annets Kuave 


LocAL PENICILLIN THERAPY IN OPHTHALMIA NEONATORUM. 
A. Sorssy, Brit. M. J. 1:903 (June 30) 1945. 


In a previous article (Brit. M. J. 1: 114 [Jan. 27] 1945), Sorsby 
and Hoffa gave an account of the use of penicillin for local therapy 
in 47 cases of ophthalmia neonatorum. As in the last 22 cases in 
this series so in all the 38 new cases, penicillin was used in a concen- 
tration of 2,500 units per cubic centimeter, but the frequency of the 
instillation was different—the substance was given at longer intervals 
in 13 cases and at shorter intervals in 25 cases. In 13 cases treatment 
was with drops of penicillin at one hour intervals for six hours, then 
at two hour intervals for twenty-four hours and subsequently at three 
hour intervals. In all these cases the response was good, but a relapse 
occurred in 1 case after twenty-four hours and in another after five 
days (in both of these cases the infection was finally cleared by a 
course of sulfamezathine given for five days and two days, respectively). 
The results do not appear to be substantially different from those 
obtained in the 22 cases in which the drug was given at more frequent 
intervals. In 25 cases drops of penicillin were instilled initially at 
intervals of five minutés, then every half-hour and subsequently at 
hourly intervals, followed by instillation at two hour intervals. This 
change in the frequency of application seemed desirable in order to 
avoid additional irrigations. It was found that when the medicine was 
applied at shorter intervals the tendency to the formation of pus was 
rapidly suppressed. Then, when the discharge had ceased, administra- 
tion of the penicillin was continued at half-hour intervals until the eye 
was dry, then hourly for twelve hours and every two hours for twenty- 
four hours longer. In 2 cases of this series a distinctly poor response 
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was obtained. One was a case of bilateral moderately severe gono- 
coccic ophthalmia in a premature baby. Treatment with sulfamezathine 
cleared the eyes within three days, only to have the condition relapse 
thirteen days later, and the infection was finally cleared by a second 
course of this sulfonamide compound. The second case was also one 
of moderate severity ; diphtheroids were present in the smear, but the 
culture was negative. The condition responded well to sulfamezathine 
within four days. 

This group of 25 cases therefore contained 2 in which no response 
was shown to intensive penicillin therapy and no fewer than 5 in 
which initial clinical cure occurred, only to be followed by a relapse, 
which, however, was cleared in 3 out of the 5 cases by a second course 
of penicillin, suggesting that too early suspension of treatment, rather 
than inefficacy of penicillin, was responsible for these partial failures. 
In contrast to these 2 cases of total failure and 5 cases of partial failure, 
the results in the remaining 18 cases were distinctly gratifying, the 
time taken for clinical cure being thirty-eight hours at the longest and 
twenty-five minutes at the shortest, with an average of just under 
teri hours. Penicillin is well tolerated by the infant eye. The author 
believes that general sulfonamide therapy of ophthalmia neonatorum 
is already obsolete as a routine procedure. The reduction of the dura- 
tion of treatment from weeks, with the older methods, to days, with 
sulfonamide therapy, is paralleled by the reduction of treatment from 
several days, with the sulfonamide drugs, to as many hours, with 
penicillin. 

The author summarizes as follows: Local therapy with penicillin 
in a concentration of 2,500 units per cubic centimeter proved effective 
in 21 out of 22 cases of ophthalmia neonatorum reported previously. 
In a further series of 38 cases reported here, no response occurred in 2. 
In 25 of the 38 cases treatment was with intensive application of 
penicillin (instillation every five minutes). The results were better 
than those obtained with the instillation of penicillin at half-hour inter- 
vals (as in the 22 cases reported previously) or at hourly intervals 
(as in 13 cases in the present series). 

The 25 cases in which intensive treatment was employed included 
the 2 in which no response was obtained and the 5 in which relapse 
followed initial clinical cure ; in 4 of these 5 cases of relapse the response 
to a second course of penicillin was good. Of the remaining 18 cases, 
clinical cure was obtained within twelve hours in 13 and within twelve 
to twenty-four hours in an additional 4 cases. 

Severity of the clinical condition does not appear to affect the dura- 
ation of treatment. Penicillin is effective against all the common 
organisms of ophthalmia neonatorum, including the virus presumed 
to cause inclusion blennorrhea. 

Local penicillin therapy is likely to replace general sulfonamide treat- 
ment as the method of choice for ophthalmia neonatorum. 


ARNOLD KNAPP. 


Book Reviews 


Why Pupils Fail in Reading. By Helen M. Robinson. Price $3. Pp. 
257. Chicago: The University of Chicago Press, 1946. 


In this informative book, Dr. Robinson points out that the problem 
of the seriously retarded reader has in the past commanded the attention 
and study of individual ophthalmologists, neurologists, psychologists 
and educators, whose approaches to the problem and subsequent inter- 
pretations have been largely limited to their special interests and 
experience. The resultant confusion shows the need for a coordinated 
study by specialists in each of these fields. Such a coordinated study 
forms the unique contribution of this report. 

The book is divided into three major sections. The first offers a 
comprehensive analysis of previous studies, which reveals that assigned 
causes of reading disability can be grouped under the following headings: 
visual difficulties ; intellectual and maturational status; neurologic and 
dominance factors; auditory, speech and language factors; physical 
difficulties ; emotional reactions, and social and environmental conditions. 
The second section describes a coordinated investigation into the causal 
factors of reading disability in each of 30 seriously retarded readers, 
all of whom had a mental age of at least 7.8 years and an intelligence 
quotient of at least 85 on the New Stanford-Binet scale. Thus, the 
cases of most serious mental retardation were eliminated from the 
investigation, and an intellectual readiness for reading was insured. 
The group contributing their services to the study included a social 
worker, a psychiatrist, a pediatrician, a neurologist, several ophthal- 
mologists, a speech correction specialist, an otolaryngologist, an 
endocrinologist, a reading specialist and the author, who acted as 
psychologist and reading technician. Every child was studied by each 
specialist, and full accounts of significant findings are given. Ophthal- 
mologic findings are presented in detail in table 1V. The psychometric 
reports include the mental age and the intelligence quotient on the 
New Stanford-Binet scale and on several nonverbal tests of intelligence. 
as well as the reading level and the amount of reading retardation in 
terms of Monroe’s reading index, i.e., “the ratio of the average reading 
grade to the average of chronological age expectancy, mental age 
expectancy, and the arithmetic grade. The grade expectancy is obtained 
by subtracting five years from the chronological age or the mental 
age” (page 123). Group conferences of the cooperating specialists 
resulted in recommendations for remedial treatment, and the attempt 
was made to correct one difficulty at a time, so as to evaluate the 
effect of each successive measure on progress in reading. The final . 
section is a summary of significant general conclusions: findings with 
respect to causal factors, problems meriting further study and implica- 
tions of the investigation. 

No one anomaly was found to be a probable cause of the reading 
disability in every case, and seldom was there but one probable cause 
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in any case. Rather, it may be taken as a rule that the greater the 
number of anomalies, or hampering factors, the more serious is the 
retardation in reading. The probable causes most frequently assigned 
by the group in its final analysis are visual difficulties (50 per cent), 
emotional maladjustments (32 per cent) and social problems (55 per 
cent). Other probable causes are neurologic difficulty and endocrine 
disturbance (each 9 per cent) and general physical difficulty (5 per cent). 
Left-eyed dominance occurred in 40 per cent of the cases and mixed 
hand-eye dominance in 27 per cent. 

The ophthalmologist will be most interested in the visual difficulties 
found. These included hyperopia (28 per cent), astigmatism (10 per 
cent) and binocular incoordination of significance (48 per cent). 
In the last-named group orthoptic training was helpful in promoting 
reading growth or in prolonging attention span for activities carried 
on at close range. Neither the Snellen chart nor the Keystone Visual 
Safety Test was found to be completely accurate in selecting the 
children whom the opththalmologist identified as needing visual care. 
The author states (page 224): “Because of the high percentage of 
cases in which visual anomalies contributed to reading failure and 
because of the difficulties involved in identifying them, very careful 
attention should be given to visual examinations in the diagnosis of 
poor readers.” 

It should be pointed out that the table on ophthalmologic findings 
for each subject (obviously listed as reported by the ophthalmologist 
in charge of the case) is confused and not wholly satisfactory when 
examined in detail. For example, visual acuity, although determined 
with the Snellen chart, is not recorded in the Snellen notation; the 
near point of convergence is given for some subjects in inches, for 
others in either centimeters or millimeters; further, in a number of 
cases the findings on duction, phoria and near point of convergence are 
inconsistent. 

This short review cannot hope to do justice to the wealth of interpre- 
tative and experimental material presented. It is a readable, thought- 
provoking report and provides an excellent survey both of the 
complexity of the problem and of the need for detailed diagnosis in each 
case to serve as a guide to remedial care and training. From the 
ophthalmologist’s point of view, the book is the best that has appeared 
to date. It is so simply written that even the uninitiated reader is 
given a comprehensive view of the problem presented by the child 
who fails in reading and of what should and can be done to remedy 
the situation. The bibliography contains one hundred and seventy- 
three titles. 

The reviewer is convinced that the ophthalmologist’s role in many 
cases of reading disability is important. However, it is essential that 
his examination go beyond mere refractive correction. It should be 
sufficiently exhaustive to cover the entire functional binocular picture, 
particularly at the reading distance. Every effort should then be made 
to provide comfortable near vision, so that the child can read with a 
minimum of strain and fatigue for the prescribed periods of time. 


GERTRUDE RAND. 


